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Session 1: Fatal Construction Injuries Work-related Fatal Injury Risk of Construction Workers by Oc-
cupation and Cause of Death€hen G-X, Fosbroke D

Guiding Construction Injury Research: Data Coupled with In- Background. Construction is both one of the largest and one of the
dustry Experience—Fosbroke D, Casini V, Furrow K, Hause M,most dangerous industries in the United States, but there is little
Linn H, Washenitz F literature on fatality risk by occupation within this industry. This
study assessed work-related injury fatality risk by occupation and
In 1996, the National Institute for Occupational Safety and Healthuse of death within the construction industry, using data con-
(NIOSH), Division of Safety Research (DSR) initiated a proceggined in the NIOSH National Traumatic Occupational Fatality
of examining current construction injury research, identifying reNTOF) surveillance system and the BLS Current Population Sur-
search gaps, and developing a strategic research plan. Thraugh(cps) from 1990 to 1991.
existing injury surveillance data systems, much is known about the
leading causes of fatal (falls, motor vehicles, machines, and elgfethod. Annual fatality rates were calculated for occupations with
trocutions) and nonfatal injury (overexertion, falls, and struck byx or more work-related injury deaths during the 2-year period
objects) in the construction industry; however, little research hagd presented as the number of deaths per 100,000 workers. Cause-
focused on identifying injury problems for specific subsectors ghecific annual rates were also calculated for occupations with 50
the construction industry. Research that is focused on specificddmore deaths during the 2 years. Frequencies and rates are pre-

jury problems and specific types of construction work (€.9., fallgnted for the civilian workforce only, because denominator data
during truss installation) may lead more directly to identificatiofere not available for military personnel.

of effective interventions than research on general injury catego-
ries in the construction industry as a whole (e.g., falls in constrygesuits. A total of 1,964 work-related injury deaths occurred in the
tion). Three high-risk construction industry sectors (highway aR@nstruction industry in the United States during 1990 to 1991.
street construction, residential building construction, and roofigeynstruction has an average annual fatality rate of 13.2 deaths per
and truss installation) were selected based on a review of fatal 0@ 000 workers. Occupations with 100 or more deaths during the
nonfatal injury data, the number of workers at risk, current trengs;ears are construction laborers (463 deaths), construction super-
in the construction industry, OSHA'’s regulatory agenda, an extg{sors (161), carpenters (153), operating engineers (146), electri-
nal panel evaluation of The National Program for Occupationghns (103), and managers and administrators, n.e.c. (100). Fatali-
Safety and Health in Construction, the National Occupational Ress from these six occupations accounted for 57.3% of fatalities in
search Agenda, and DSR expertise and research projects. For @gCBonstruction industry. Annual fatality rates by occupation were
industry sector, NIOSH conducted a facilitated workshop with pa§resented and there were 22 occupations which have higher annual
ticipants from labor unions, construction companies, contractor #ftality rates than the average of 13.2 per 100,000 workers for the
sociations, product manufacturers, insurance companies, and &gtfe construction industry. The six occupations with the highest
and federal agencies. DSR staff identified brainstorming topiggnuyal fatality rates were electrical power installers and repairers
for each workshop based on the leading causes of fatal and nof§a:g deaths per 100,000 workers); structural metal workers (74.7);
tal injury for that industry subsector. Brainstorming topics inClUdQﬁ)erating engineers (47.7); engineering technicians, n.e.c. (44.8);
motor vehicle incidents, falls from elevation, “struck by” incidentsyrillers, earth (40.7); and construction laborers (33.3). Operating
and overexertion. Workshop participants were asked to suggssgineers and construction laborers were the occupations with both
potential safety research ideas that could lead to a reductiora @figh annual fatality rate and a large number of injury deaths. The
injuries from these causes in their industry sectors. leading cause of death varied among occupations. Falls were the
leading cause of death for construction laborers; construction su-
Each workshop yielded a list of more than 100 ideas about gengi@isors; carpenters; managers and administrators, n.e.c.; roofers;
problem areas where the participants felt further research was Wafactural metal workers; construction and maintenance painters;
ranted. Following each workshop, NIOSH staff, with the assignd plumbers, pipe fitters, and steamfitters. Motor vehicle crashes
tance of federal partners, used a multivoting technique to narr@re the leading cause of death for truck drivers and heavy con-
these lists to approximately 30 ideas for further study. Some sWgction trades, n.e.c. Machines were the leading cause of death
gestions were very specific (e.g., design a fall restraint system fgr operating engineers. Electrocutions were the leading cause of
workers riding in pickup truck beds while placing or removingeath for electricians. Findings from this study are consistent with
traffic cones); others were broad in scope (evaluate the effectiy@evious studies and underscore the urgent need for prevention
ness of training). Other broad themes that crossed industry segighsures for work-related fatalities among construction workers.
and injury categories included the following: identify high-risnformation on fatality risk by occupation and by cause of death

construction tasks, activities, processes, and stages; improvec\@d be useful for planning preventive strategies in the construc-
quality and coverage of surveillance data; develop new, or ad@gh industry.

existing technologies to the unique conditions of specific indus-

tries; compare the relative risks of different types of constructieneventing Injuries and Fatalities in Highway Construction Work
projects; study the relationship of training, experience, and inju¥ones—Melius J, Kojola W, Hoffner K, Lapping K, Blacklow B
improve partnerships among research organizations, industry, and

labor; and improve, simplify, and more effectively disseminatith support from the United States Department of Transporta-
safety information. The process of combining injury surveillanaéon, the Laborers’ Health and Safety Fund of North
data with the experience of individuals in the affected industrigsnerica(LHSFNA) has been conducting a project to prevent inju-
provided NIOSH researchers with a broader perspective on th and fatalities among highway construction workers. Surveil-
safety research needs of the construction industry. lance data indicated that these workers have a fatality rate twice as
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high as that for the overall construction industry. The first phase each class of these criteria, there are still several areas which

of this study focused on the analysis of existing surveillance daksed to be further examined. The validity of several of these crite-

on injuries and fatalities (including data from several highway coria is unknown or in question, primarily due to a lack of epidemio-

tractors) to identify factors within the work zone contributing téogical verification.

fatalities and injuries among these workers. With assistance from

a technical advisory group that included contractors, union mefrhis presentation provides a critical review of MMH criteria, the

bers, and safety professionals, interventions to prevent these poaflicts between these criteria, and the shortcomings of such cri-

lems were identified and prioritized. These interventions rangeatia. The presentation will also provide a set of areas needing

from better training programs to improved technology to prevefutrther examination and the research needs in the areas of biome-

construction vehicle accidents. Currently, the LHSFNA is worlchanics, physiology and psychophysics to assist in the refinement

ing with several academic institutions and other groups to evaluatghese criteria. Finally, the presentation addresses the validity

or demonstrate several of these intervention approaches. Thssee for these criteria.

evaluation and demonstration projects should be completed by the

Fall of 1997. Results from the initial surveillance study will be

presented along with an overview of the intervention projects. Risk Factors of Muscle Injury and Falls Related to Load Han-
dling Technique—Oddsson LIE

Machinery-related Fatalities in the U.S. Construction Industry, The main goal of the postural control system is to maintain stabil-
1980-1992—Pratt SG, Kisner SM, Moore PH ity in all situations and during all tasks that are performed. An
external perturbation of posture triggers specific automatic re-
The National Traumatic Occupational Fatalities (NTOF) surveiponses which act to restore equilibrium. Few studies have investi-
lance system identified machinery-related incidents as the fougdited the interaction between automatic postural responses and
leading cause of traumatic occupational fatalities in the U.S. cawluntary movements. It has been hypothesized that certain com-
struction industry between 1980 and 1992, resulting in 1,901 deathsations of voluntary movement and postural perturbation, such
and 2.13 deaths per 100,000 workers. All but 22 of the victiras a slip or a trip, may cause a conflict between postural and volun-
were males. Males had nearly eight times the fatality rate obsertay motor commands simultaneously requiring different functions
among females (2.3 vs. 0.29). The fatality rate in the Northea$the same muscle/muscle group. It is further suggested that this
census region, 1.29, was considerably lower than the rates in ottaflict increases the risk of direct tissue injury and/or a fall. The
regions, which ranged from 2.05 to 2.37. Overall, fatality ratescurrence of conflicts between motor commands is probably com-
declined 50% over the study period. mon during different occupational activities such as walking, lift-
ing or carrying loads as well as during reaching for or pushing and
Workers in three occupation divisions—precision production, craftlling objects. An unexpected slip or trip that coincides with such
and repair; transportation and material moving; and handlers, eqaip-ongoing voluntary activity would have the potential to cause a
ment cleaners, helpers, and laborers—had both the highest finetor command conflict. However, most of these situations will
qguency and rate of fatalities. Cranes, excavating machinery, ad lead to an injury. Nevertheless, the occurrence of a motor com-
tractors were the machines most frequently involved. During theind conflict may still represent an injury prone situation and the
study period, fatality rates for tractors and cranes declined 718argin of safety, before an injury occurs, is likely decreased. The
and 67%, respectively, while rates for excavating machinery da#rent presentation will report findings that suggest the presence
clined only 12%. The most common incident types were: struocka motor command conflict in the lumbar back muscles of sub-
by a mobile machine; overturn; and struck by a boom. jects performing a lifting motion while being perturbed on a bal-
ance platform. A series of experiments were conducted where sub-
Further delineation of groups at highest risk for machinery-relatgtts were perturbed randomly at the feet in an anterior-posterior
injuries is complicated by a lack of data on exposure to machinetirection during vertical lifting of a 20 kg load. Subjects stood on a
since exposure is clearly not equivalent across all occupatiospkcially designed moving platform (BALDER, BALance
groups within the construction industry. The findings suggest tHaisturbER) programmed to accelerate (9.81?nasd then decel-
injury prevention programs should focus not only on machine ograte (9.81 m#p over a distance of 0.11 m. Kinematic information
erators, but on those who work on foot around machines. Translas obtained from a video based motion analysis system (ARIEL,
tion of regulations into “plain English,” providing incentives folAPAS). Muscle activity was recorded from soleus, tibialis ante-
safe work practices, and addressing safety in project planning stages anterior deltoideus and erector spinae (ES). Posterior plat-
can also help to reduce machinery-related deaths in constructiéorm perturbation triggered a hip strategy by the subject which re-
sulted in a sudden cessation of activity in the ES muscle. In this
phase of the movement, the task of lifting the load and supporting
Session 2: Manual Material Handling the trunk would require the ES muscle to be continuously active.
However, instead there was an interruption of the lifting motion
Manual Materials Handling Research: What We Should Know—followed by a brief sudden trunk flexion. The trunk flexion coin-
Ayoub MM, Dempsey P cided with an extended period of rapid changes in activation level
of the ES muscle suggesting that the muscle was activated in a
For over four decades, individuals from various disciplines halengthening contraction to brake the trunk flexion movement. This
extensively researched the tasks comprising manual material heffect was not seen during anterior platform perturbations. The re-
dling (MMH): lifting, lowering, pushing, pulling, carrying and sults support the hypothesis that certain combinations of voluntary
holding. Various criteria for defining acceptable task demands hamevement and postural perturbation elicit a conflict between mo-
been developed from the principles of biomechanics, physiology commands simultaneously trying to access the same muscle
and psychophysics. Although significant bodies of literature exigtoup.
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Evaluation of the Effect on Spinal Curvature of Various Lifting pared to the results obtained during a static isometric task at the
Regimens and Recovery Techniquegvers CT same load.

One of the most important aspects of any biomechanical resedrble weight of the box, duration of the exercise, and frequency of
is the ability to measure the attributes of the body structure untle lift were specified according to safety guidelines of the Na-
investigation. In the field of industrial ergonomics and biomechatienal Institute for Occupational Safety and Health. Data were col-
ics, the back is a major area of concern, as back injuries accountdoted from eight subjects (five males and three females; mean age
a large percentage of both the injuries and cost of work accide@8.+ 4 yrs) and analyzed by considering the TF representation of
Researchers have determined that there is a relationship betw&eMG bursts sampled during the exercise. The contour plots of
heavy work loads and back pain. Analysis methods used in mahg TF distribution derived from two SEMG bursts recorded at the
of these studies are not practical for use in most settings duédéginning (n = 1 s) and the end (n=5 min) of the lifting exercise
their sophisticated and invasive nature. Changes in the spinecearly demonstrated the compression of the frequency components
considered a useful indicator for evaluating the effects of loaditmyvard the lower end of the spectrum, thereby indicating the pres-
on the body. One method currently in use, the stadiometer, peoce of fatigue. The relative amount of fatigue at the different elec-
vides inferential data regarding spinal geometry by measuring stadde sites during the static vs. dynamic tests were qualitatively
ure. Another method directly measures the contour of the bacldtfferent indicating that fatigue was task-dependent and that we
approximate the curvature of the spine. The proposed researchedgtinot generalize results obtained during static conditions to dy-
utilize the latter technique to accomplish the purpose of the ramic conditions. Furthermore, we observed that the SEMG sig-
search, which is to evaluate the response of spinal curvatureabrecorded during dynamic contractions was also affected by fac-
different combinations of workload and recovery method. This id@rs not related to muscle fatigue. Namely, within each SEMG burst,
new area of research in industrial ergonomics. Findings of this canges in the exerted force, muscle length, and displacement be-
search will expand our understanding of the spinal mechanicstimeen the muscle active fibers and the electrodes result in varia-
volved in lifting tasks, and may be used to develop recommendans of the frequency content of the SEMG signal. As a result, we
tions for reducing the accumulated stress in the back as a resuiteftified two separate nonstationary components in the SEMG
workloads. The actual data collection will be done in June - Juignal collected during the dynamic exercise: 1) a within-burst
1997. In one test run using a 25 pound lift twice a minute in a tasbnstationarity related mainly to the biomechanics of the exercise
complying with the 1991 NIOSH Lifting Guidelines, an increasghamely to variations of the exerted force as well as to the move-
in the lumbar curvature in excess of 1 cm was observed after twent of the body segments which causes changes of the muscle
hours. Following a 30 minute recovery period, this shift had disdpngth and a displacement between the active muscle fibers and the
peared and the lumbar arch was at its prelifting configuration. étectrodes); and 2) a between-burst nonstationarity related to the
the same trial, a decrease in spinal height of 2.2 mm was obsemyediual compression of the spectrum to lower frequencies as me-
after the two hour lifting period. Following the recovery periodabolites accumulate at the sarcolemma. These observations sug-
half of that decrease had been recovered. It is expected that singieeted that future studies focus on studying the effects of fatigue
results will be observed in the actual study. during cyclic dynamic tasks that have been implicated in repetitive
use disorders.

EMG Analysis of Fatigue During Repetitive WorkRoy S., Session 3: Human and Economic Costs of Oc-
Bonato P, Knafiitz M cupational Injuries: Research on the Frontiers

Over the past decade, the analysis of the surface electromyograpRic Human Costs of Occupational Injuries —Strunin L

(SEMG) signal has been shown to be effective in objectively quan-

tifying muscle impairments associated with sustained work. Appjs study uses ethnographic interviews to increase understanding
plication of the technique has been particularly successful for I the experiences of workers with back injuries, including the
back pain syndromes. The approach is based on indices of MUSGIg, ¢t on their relationship to their pre-injury job and employer,
fatigue derived by measuring the compression of the frequengyir post-injury employment, their interactions with the workers’
content of the SEMG signal towards lower frequencies as the m“%‘aﬁ\pensation system, medical care providers, and lawyers, and
accumulates metabolites. A primary limitation to this techniqueigeir perceptions of faimess in the process. The study is being
that the quantification procedure for spectral analysis assumes sigied out in two states, Wisconsin and Florida, among 400 work-
nal stationarity. This pre-condition can only be satisfied by recorgks of gitferent racial and/or ethnic backgrounds from different in-
ing the SEMG signal during isometric, constant-force contractiong,stries and occupations, and different workers’ compensation sys-
This is a serious limitation to the technique since many dynanig,s The interviews allow us to learn how workers perceive their
activities are commonly associated with work-related injuries. Fc?ﬁ]uries and how they experience components of the occupational
tunately, recent developments in the field of signal processing hay; ry systems that ultimately affect both the personal and social
produced methods of time-frequency (TF) analysis that are ablgfts of occupational injuries. The data presented will focus on

extract spectral information from nonstationary signals. Prelimisgnondent-identified constructs about impacts of the injury on
nary work has demonstrated that specific transforms belong'“gemployment family, and related health issues.

the Cohen Class appear robust enough to derive spectral indices of

fatigue from non-stationary SEMG signals recorded during cycli-

cal dynamic contractions. In this paper we present the use of thiegrating Results from Quantitative and Qualitative Studies of
procedure to measure localized paraspinal muscle fatigue duiigrkers with Soft Tissue Injuries-Miller T, Waehrer G, Leigh P

the repetitive lifting and lowering of a box. Time-dependent changes

in SEMG spectral parameters, indicating the distribution of fatigddais paper describes the use of qualitative research to understand
among superficial paraspinal muscles, were measured and ctre-effect of soft tissue injury on workers. We note the importance
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of relations with the workplace in the experience of disability. Wegalitarian approach used an average daily wage loss. The second
show how questions developed based on the qualitative results veggroach facilitates injury risk comparisons between groups, but
used in a longitudinal study and proved to be important prognosiimes not accurately depict employer or societal costs.
indicators for the injured workers. Qualitative research, although
common in the social sciences, is rarely used in epidemiologje work loss costs were supplemented by fringe benefit costs and
Fundamental differences in the underlying research paradigtmghousehold work loss costs. Household work loss was estimated
methods of inquiry, and rules of evidence in qualitative researtbhm work loss duration, data showing workers typically return to
and epidemiology pose challenges to the integration of these faausework 10% sooner than wage work (but possibly trading for
genres of research. However, these same differences makedbge demanding tasks), and studies of the value of housework.
combination of methodologies a particularly powerful approach to
the investigation of occupational injury problems, especially whétedical Costs. Medical costs by diagnosis were derived separately
applied to those with strong social or psychosocial componentdy injury diagnosis for hospital-admitted and non-admitted cases.
Diagnosis-specific costs for admitted cases came from national
This is illustrated through an examination of the application of finawerage lengths of stay for cases covered by Workers Compensa-
ings from a qualitative study of the experience of work-related batién (from 1987-1992 National Hospital Discharge Survey data)
problems to an epidemiologic study of occupational musculoskahd costs per hospital day from states where cost control regula-
etal injuries. Injured workers’ and key informants’ verbatim intetory agencies force hospitals to accurately report these costs. Post-
view data were analyzed using methods of grounded theory. Cidtischarge costs in the acute care phase came from 1987 National
cal social dimensions of their experience were identified whidhedical Expenditure Survey (NMES) data. Longer-term costs came
appeared to influence recovery and return to work; in particul&tational Council on Compensation Insurance Detailed Claims In-
problems of legitimacy and vulnerability in the workplace appearéarmation (DCI) data.
central to the workers’ experiences of injury and disability. Mea-
surement constructs were subsequently developed and a seri¢ohon-admitted cases, costs per visit came from Civilian Health
closed-ended questions devised for inclusion in two prognostied Medical Program of the Uniformed Services (CHAMPUS) data.
cohort studies to enable the statistical testing of hypotheses wHES described short-term visits per case and DCI described long-
emerged from the qualitative research data. The questions wteren costs.
used in the Early Claimant Cohort Study, a prognostic cohort study
of over 1800 injured workers. Workers were interviewed whet987-1992 National Health Interview Survey data were used to
they submitted Workers’ Compensation claims, and at several otbempute the number of medically treated cases without work loss
times for up to one year after injury. The time on benefits for upfrom the BLS lost work-day case counts. Data scarcity forced us
one year after injury was determined from records. Using factorperform these computations for broad diagnosis groupings.
analysis we have confirmed the existence of two independent con-
structs: legitimacy and job vulnerability. The prognostic signifResults. The analysis is in process. The data set lets us rank costs
cance of these variables and their demographic correlates have péscemployee by occupation, industry, source (e.g., a machine),
been examined. The results of these analyses indicate that the event (e.g., a fall), body region, diagnosis, age group, and gender.
structs are important in prognosis, but also highlight the need for

more questionnaire development in this area. . . .
a P Session 4: Work Organization

Occupational Injury Costs Per Employee: Pinpointing the Riskszncouraging worker participation in safety programs: A selected
—Shannon H review of research findings-Peters RH

Objectives: 1. To estimate the medical and work loss costs of Iagkyjoys strategies have been used to encourage employee partici-
workday occupational injuries reported to the Bureau of Labor Sfsiion in safety programs. The intent of this presentation is to
tistics (BLS). 2. To determine which occupations, industriegoyide guidance to safety professionals concering the use of three
sources, events, age groups, and gender are associated withethiques for encouraging employees to participate in their safety
highest costs per employee. program: (1) employee surveys, (2) incentives, and (3) fear com-

' munications. Each strategy is briefly described and a summary of
Methods: Work Loss Costs. BLS annual survey data show WQls empirical evidence concemning its effectiveness and limitations

days lost through a fixed date. Therefore, durations are censqieghen. Some recommendations are made concerning the use of
for some cases. By major injury grouping, we built and appliggege strategies.

non-linear regression models to estimate the full duration for cen-

sored cases in the 1993 annual survey. This was a massive model-

ling effort. It corrected for heterogeneity in the data and accountddnagement practices affecting safety: An overview of coal in-
for the existence of permanently and totally disabling injuries. dustry research findings—Peters RH

Once work-loss durations were available for all cases, we devEhis presentation focuses primarily on summarizing the past 20
oped algorithms to compute lost wages. One approach used wagess of research on management practices affecting underground
by occupation, industry, sex, and age group from the Current Popoal miners’ safety. Three factors have consistently been found to
lation Survey. A problem with this approach is that an executiveascount for differences in mine safety performance across multiple
injury can be weighted much more heavily than a productiosesearch studies involving different samples of miners, different
worker’s, obscuring where the injury problems lie. A second, maresearch methods, and different researchers. The factors are: (1)

4
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the extent to which workers perceive that upper managementoisafe work practices within the hospital workplace. To further
concerned about their welfare; (2) the extent to which managemadtance our understanding of the complex relationship between
actively involves the work force in identifying safety problems anshfety climate and safe work practices and to clarify the role safety
defining solutions; and (3) the favorableness of management-lablimate plays with respect to workplace injuries, such as needlestick
relations. The findings and implications of this research are disjuries, we conducted a cross-sectional survey of employees at a
cussed. large, 1000 bed, tertiary care hospital.

Reducing Accident Rates with Organizational Performance ManMethods. A questionnaire was designed to assess and characterize
agement—Saarela KL specific aspects of safety climate and to determine the relationship,

if any, between these aspects and injury rates among hospital-based

Safety professionals know a lot of safety and health, but do tH8alth care workers. The resulting five-page questionnaire was
know enough on how to achieve a change in practice. This difficBfychometrically analyzed and validated. Employee perception of
question is considered here on the basis of two intervention studi@ty climate was measured using a fifty-item safety climate scale,
which were carried out in the shipbuilding industry and in the metahich factored into three distinct constructs: (1) facility-wide safety
product industry. The goal of both projects was to launch an iflimate, (2) departmental-based safety climate, and (3) environ-
provement process leading to a better work environment and safétgntal safety climate. The questionnaire also contained items on
as well as to more efficient production. The cooperation partnéiiries employees had experienced within the previous six months
represented industries in which the accident rate is above the @i these were further subdivided into categories of injuries and
tional average in Finland. The action research approach combir@gosures, including exposures to bloodborne pathogens. Employ-
research and practice and organizational performance manageri8ftcompliance with safe work practices was measured using a 13
was utilized in the studies. The project at the shipyard was starif€ih compliance scale, and the questionnaires also included stan-
in three departments at the beginning of 1995. In 1996 when ##d sociodemographic items. Most responses were based upon a
project was reported, it involved more than 10 departments (ofie-point Likert scale (from strongly disagree to strongly agree).
900 employees). The project in the metal product factory involvé@e confidential self-administered questionnaires were sent to a
one department (about 200 employees) and was carried out in 16tratified random sample of clinical health care workers (i.e., those
In the beginning of the projects, a questionnaire survey provid®ih direct patient or patient specimen contact) employed at a large,
the personnel the opportunity to participate, to report problems tiggional medical center.

had identified, and to make suggestions for improvements. Local

small groups with managers, supervisors and workers as memiRgsults. Responses were obtained from over 750 employees (60%
arranged regular meetings and followed a systematic model ct#fponse rate). Eighty-five percent of the respondents were fe-
sisting of identification of problems, setting goals, solving protibale, the median age was 37 years, and the median tenure was 4.5
lems, implementing changes, monitoring the results and provid¥@grs. A total of 186 injuries (which occurred within the previous
feedback. In connection with the projects, everybody working fix months) were reported by 116 respondents. The respondents
the intervention area participated in a two-hour training and devalso reported 330 bloodborne pathogens exposures; 53 respondents
opment seminar. The questionnaire survey was repeated in ofggerted a total of 74 needlesticks, 81 respondents reported 97
to get evaluative information. The effects of the interventions &Rlashes to the mucosa, 52 respondents reported 81 cuts with sharp
accident rates were also investigated. The overall accident rat®@®jcts and 27 respondents reported 107 contacts with open wounds.
the shipyard decreased by 56 % during the two year period (iigety-three (42%) of these exposures involved blood from a pa-
goal was 25 %). According to the questionnaire survey, almosttignt known to be infected with the human immunodeficiency vi-
the workers in the departments with the best results agreed fHgtand/or hepatitis B virus. Injuries were found to be highly corre-
housekeeping had improved’ work was progressing better, hazﬁ&id with two out of the three Safety climate constructs. For ex-
ous situations had decreased, cooperation had improved, new wamRple, low rates of injuries/exposures were correlated with strong
ing practices had been learnt, and job satisfaction had improviagility-wide safety climate (p<.01) and departmental safety cli-
Over 70 % of the workers in these departments reported that it Waie (p<.001). Employees who perceived a strong safety climate
easy to achieve improvements in their department; this reflecté@re significantly less likely to report workplace injuries. Safety
the innovative organization culture. Despite some differences l6étnate was also significantly associated with high levels of self-
tween the departments, some improvements had been achievé@RRrted compliance with safe work practices, and this was the case
all departments participating in the project. In the metal proddef all three safety climate constructs (p<.001).

factory, the accident rate was reduced by 45 % during the one year

period. In addition, improvement was noted, e.g. in delivery refronclusions. Two safety climate constructs (facility-wide and de-
ability, throughput time, productivity and profit. The departme,ﬂartmental-based) were found to be significantly correlated with
was interested in continuing with more demanding developmdpitries and exposures; employees who perceived a strong safety

tasks, and a new project was started this year in cooperation \lifmate at work were significantly less likely to report workplace
the Finnish Institute of Occupational Health. injuries and exposures. Since these data are cross-sectional, we

cannot determine causality—i.e., employees with fewer injuries may
perceive their workplace to be safer, and this can only be deter-
The Relationship Between Safety Climate and Injury/ Exposurenined from prospective studies. Nevertheless, these results in-
in an Acute Care Hospital-Gershon RRM, Karkashian C, Mar-form us and help to identify the important determinants of safety
tin LS, Grosch J, Murphy L climate. This will help us to appropriately focus our resources in
our efforts to minimize the risk of injury/exposure among hospital-
Introduction. We have previously identified organizational conbbased health care workers.
mitment to safety (i.e., “safety climate”) as an important correlate
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Session 5: Injury Risk Assessment these in terms of loss-of-life-expectancy, LLE, makes it much easier.

The difference between LLE = 1 day or 100 days is relevant to the

q'ayman’s everyday experience and is therefore very understand-
able. The LLE approach has the weakness of ignoring non-fatal

injuries, but it has a great advantage for quantitative treatment—

?u[é d bodies are easy to identify and count, whereas morbidity has
'SWide spectrum of seriousness and is subject to wide variations in
ception of suffering. It may be useful to introduce a multiplier

FLLE to account for morbidity, since this multiplier would nor-

|[Iness and injury. Perhaps dug to the high cost of measuring F}%Illy be not much larger than unity, but it would be very difficult
ticular exposures or to the sparsity of many adverse outcomes ( 8%aeh consensus on these multipliers

adverse outcomes, including certain traumatic injuries, are rela-
tively rare events for the individual employment establishmenQI
modeling studies in the health and safety literature frequently |

an independent test sample for evaluating predictive model peraf’g
mance. Rather, these studies report only the resubstitution a
racy - the accuracy which is realized when the model is evalua

Some Methodological Concerns in the Development of Predi
tive Models: Examples From Discriminant AnalysisGlancy EA

Multivariate parametric modeling is frequently used to devel
predictive relationships between exposures (inputs) and the r S
occurrence of injury and illness (outcomes). Accurate predicti &
models can be used to suggest interventions which can mini

merous examples of LLE will be presented. Some of these LLE

many years, like alcoholism, poverty, smoking, poor social
&Shnections, and overweight, while others are less than one day,
IKe carcinogens in peanut butter or charcoal broiling, or living

th le that dt te th del r a nuclear power plant, but the public does not perceive this
on the same sample that was used 1o generate the moae! COgils - qfold difference—this is a problem in media coverage. There
cients. Unfortunately, it is well established that the resubstltutlgpe also wide variations in LLE due to occupational risks between
accuracy is optimistically biased, that is, it typically provides 3;—3’

inflated estimate of th dicti fthe develoned erent industries, and between different subgroups of workers
Inflated estimate ot the predictive accuracy of the developed mog,; industries; many examples will be given. Occupational dis-

For small data sets (small relative to the number of recorded EXPR%es are generally much more important contributors to LLE than

sures and/or exposures included in the model), this optimistic b Ridents. Some approaches to estimating LLE due to occupational
can be substantial. Furthermore, small data sets may lead to s R ses will be discussed.

tion of an entirely spurious set of exposures.

To elucidate this issue, a Monte Carlo simulation study was con-

ducted using the classification modeling technique of discriminggi,;qen Due to Occupational HazardMurray CJL, Acharya AK
analysis. Random data containing no true classification power (de-

noted the “Nil Model"”) were generated, then analyzed using digpe Global Burden of Disease Study was initiated in 1992 at the
criminant analysis. For the case of two outcome groups, the tfdg et the World Bank and has been undertaken with full collabo-
accuracy of the Nil Model is 50% (i.e., no better than flipping a fgi5ion and participation of the World Health Organization. Pre-
coin). For conditions similar to those in the literature, the randq[pninary results were used in the World Bank’s World Develop-
data."reported” highly accurate classification performgnce - res%nt Report 1993: Investing in Health (1) and published by WHO
as high as 100%. These “reports” represent the bias artifac§pfgg4 (2). The GBD was designed to address three primary goals:
resubstitution accuracy. Factors influencing the extent of the bigsnf,se information on non-fatal health outcomes into debates on
were studied. It was found that the resubstitution bias is redugggnational health policy, which are all too often focused on mor-
if: sample size is increased, the number of candidate exposurggjig: 1o develop epidemiological assessments for major health
decreased, the number of selected exposures is decreased, angd)Hions unbiased by advocacy groups; and to quantify the bur-
proportion of samples from each outcome group is equalized. Thgsg of disease using a measure that could also be used for cost-
simulation studies indicate that reporting of the resubstitution agrectiveness analysis. Four specific objectives were established:
curacy alone can be problematic. The resubstitution accuracy gag develop internally consistent estimates of mortality for 107
be made arbitrarily large, regardless of the true predictive accurg®yior causes of death by age and sex for the world, divided into
of the model. eight geographic regions; (i) to develop internally consistent esti-

o o mates of the incidence, prevalence, duration and case-fatality for
The most common approach to rectifying this situation is the uggs gisabling sequelae of these 107 causes of disease and injury by

of & train-test methodology in which the collected subject data &g, sex and region; (iii) to estimate the fraction of mortality and
separated into non-overlapping, independent training and testipgapijity attributable to ten major risk factors by age, sex and re-

sets. The model is trained (i.e., the model coefficients are coilsn- and (iv) to develop various projection scenarios of mortality
puted) on the training set, then tested on the test set. The petiggy disability by cause, age, sex and region.

mance achieved on an adequately sized test set is considered a good
estimate of the true predictive model performance. It is suggesgidhs from occupational injuries and occupational diseases were
that all research reports which develop parametric models shogld | ated as part of the risk factor assessment of the GBD. The
either (1) train the model on one data set, but report as the pert@ip study results were based on inferences drawn from data from
mance metric the accuracy achieved on an independent, adequalglysrting systems in the United States, Canada, Australia, Sweden,
sized tgst .data.set., or '(2.) demonstrate that the magnitude Ofﬂgﬁmark, the United Kingdom, Switzerland, Luxembourg, Hun-
resubstitution bias is minimal. gary, Mexico and China (selected causes only). Occupational dis-
eases accounted for 1.0 million deaths and there were an estimated
Quantifying and Aiding Laymen Understanding of RisksGehen 100 thousand occupational injury deaths in 1990. The distribution
BL of deaths by region is shown in the following table. In this study,
we have also estimated the disability attributable to occupational
The average layman has great difficulty in understanding the diffjury. The combination of premature mortality and disability is
ference between a risk of 0.0001 and 0.000001, but expressimgasured in terms of Disability-Adjusted Life Years (DALYS).
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Deaths and DALYs from Occupational Injuries providers, produced injury rates significantly higher than previ-
(in thousands) ously reported. The relatively small difference between payment

Region Deaths DALYs rates and expected loss rates suggests that underreporting is con-
EME 14 540 centrated in the area of minor injuries, which we found to be asso-
FSE 10 405 ciated at the contract level with major injuries. Our results suggest
IND 15 655 that underreporting of WC claims occurs and may result in sizable
CHI 20 1,039 underestimates of the burden of injury in construction.

OAl 12 566

SSA 10 550 Risk Factors for Injury Among Construction Workers on the
LAC 9 429 Denver International Airport (DIA) Project—owery JT,
MEC 9 461 Borgerding JA, Zhen B, Glazner JE, Bondy J, Kreiss K

World 99 4,645

Aim. To identify risk factors for work-related injury on the Denver
A United States burden of disease study which will include an andiyternational Airport construction project, which generated over
sis of occupational injuries and diseases is underway. 31 million person-hours, employing 32,000 workers from 769 com-
panies to complete 2,843 contracts.
Session 6: Nonfatal InJurles in Construction Methods. We obtained workers’ compensation claims data from
an administrative database established under the project’s owner-
Construction Injury Rates May Exceed National Estimates: Evi-controlled insurance plan, which covered all on-site employees and
dence from the Construction of Denver International Airport provided on-site medical care through designated providers. We
(DIA)—Glazner JE, Borgerding JA, Lowery JT, Bondy J, Kreissalculated injury rates by contract and over contract strata of inter-
K est by linking claims data with employee demographic informa-
tion, company and contract characteristics, and contract payroll.
Aim. To describe occupational injury rates and workers’ compeWe determined that injury rates among contracts held by the same
sation (WC) payment rates on a major construction project.  company were independent using generalized estimating equations,
enabling us to examine contract-specific factors in relation to total
Background. Most injury rate estimates rely on survey data (Bojuries, lost-work-time (LWT) injuries, and non-LWT injuries in
reau of Labor Statistics (BLS)), analysis of WC claims, emergenBwisson regression models. To control for inherent risk of work in
room surveillance and proportionate mortality studies. These nthg model, we included expected loss rates (ELRs), which we cal-
suffer from underreporting and/or imprecise estimates of the nuctlated for contracts using Colorado-specific ELRs provided by
ber of workers at risk. Construction of DIA, with 31 million perthe National Council on Compensation Insurance for each job clas-
son hours on 2,843 contracts held by 769 contractors, providesification. We used logistic regression to determine the associa-
unique opportunity to describe the magnitude of injury on a majiwwon between LWT and non-LWT injuries on a contract level, con-
construction project. trolling for person-hours at risk and ELRs.

Methods. The airport owner implemented a project-wide WC iResults. Injury rates were highest during the first year of construc-
surance plan for all on-site workers involved in airport construtien, at the beginning of contracts and among older workers. Risk
tion. All claims were recorded in a centralized database, as f@stotal and non-LWT injuries was elevated for building construc-
payroll according to job classification. Injuries were treated at &on contracts, contracts for special trades companies (SIC 17),
on-site clinic operated by a designated medical provider; claimsntracts with payroll over $1 million and those with overtime pay-
were generated whenever treatment was rendered. Using a cath-greater than 20 percent. Risk for LWT injuries, on the other
puter file with all claims, payroll by contract (allowing calculatiorhand, was increased for site development contracts and contracts
of hours at risk), and company characteristics, we calculated injsigrting in the first year of construction. Large companies (250+
and payment rates by construction sector, company size, and yemployees) had significantly lower risk for all injuries.

Results. DIA’s total injury rates were over twice BLS’s rates faContracts experiencing one or more minor injuries were four times
the construction industry for each year of construction. Lost-worés likely to have at least one major injury [OR=4.0, 95%CI(2.9,5.5)].
time (LWT) injury rates were more comparable, but DIA's were
slightly higher. The order of injury rates by SIC code was tl@onclusion. Our finding of increased risk of LWT injury for con-
same in both data sets, with SIC 17 (special trades) having tiaets starting in the first year of the project suggests that enhance-
highest rates. Total injury rates for DIA’s small contractors (1-I@ent of the project’s safety infrastructure during the second year
employees) were three times BLS’s reported rates and at least twiceonstruction was effective in reducing serious work-site inju-
BLS’s rates for all other company size categories. Injury ratdes. The absence of correlation between injury rates among con-
declined significantly after the first year of DIA construction, cotracts belonging to the same company suggests that targeting of
incident with a several-fold increase in project safety personnghfety resources at the level of the contract may be an effective
DIA’s total WC payment rate of $7.06 per $100 payroll was 1dpproach to injury prevention. Interventions focused on contracts
percent higher than expected loss rates reported by the Natiani#th considerable overtime work, contracts of special trades com-
Council on Compensation Insurance, in contrast to the two-fgddnies (SIC 17), and those belonging to small and mid-sized com-
differential between injury occurrence at DIA and BLS survey dataanies may yield reductions in injury rates. Furthermore, efforts to
provide adequate site-specific training to workers new to a con-
Conclusion. Complete reporting, facilitated by the existence ok#uction site or new to a contract may also reduce injury burden on
single WC plan, an on-site medical clinic and designated meditaige construction sites. The joint occurrence of minor and major
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injuries on a contract level suggests that surveillance of minor {n=18) were no lost time claims. The average number of days lost
juries may be useful in identifying opportunities for prevention dgbr females was 19.8 and did not differ significantly from males
major injuries. (18.0 days). The body region injured differed significantly be-
tween females and males (p<0.001) with females having a higher
Trade-specific Injury Rates at a Large Construction Project—proportion of injuries to multiple body parts than males (17.8% vs.
Welch LS, Hunting K, Aleali R 10.3). Regarding nature of injury, females had a significantly higher
proportion than males of contusions (11.8% versus 7.4%, p<0.001),
Construction as an industry has a high injury rate, as documentatpal tunnel syndrome (2.3% versus 0.3%, p<0.001), and “all other
in annual BLS surveys and other data sources. CFOI contains tratinulative injuries” (12.8% versus 1.7%, p<0.001). Most of the
specific data that allows a determination of rates for fatal injuriekims filed for females were in the special trades sector (43.0%)
for specific trades, but trade-specific data is not readily availalersus heavy construction (39.8%) or general contracting (17.2%).
for non-fatal injuries. Surveillance data is collected in order tdowever, while 39.8% of claims filed by females were in heavy
design, implement and evaluate prevention programs. Trade-gpwstruction, only 23.9% of claims for males were in this sector
cific surveillance data for construction workers is necessary if Wfg<0.001). Specifically, 35.6% of all claims filed for females were
are to understand the causes of injuries, and find ways to prefenthose employed in highway, street, and bridge construction (SIC
them. = 1611, 1622) compared to only 17.7% for males (p<0.001). In
addition, a significantly higher proportion of claims for females
We have monitored injuries from a large construction project fronersus males reported trucks, cars, highway vehicles, or earth mov-
1990-1997. All injuries were treated at the George Washingtimg vehicles involved in road construction as the source of the in-
University emergency department, and data on each injury vary (10.0% versus 6.3%, p<0.001).
abstracted. We have obtained hours worked through the project by
contractor and developed trade specific rates for this project. Wenclusion. These findings suggest that interventions designed to
will present these trade specific rates, discuss how these data diffduce the number and severity of occupational injuries and fatali-
from BLS data, and compare our rates to trade specific data ¢ls of females employed in the construction industry should be
lected on other large construction sites. We will also presentogused on the heavy construction industry, particularly road, high-
model for implementing trade specific surveillance on other coway, and bridge construction.
struction sites.

Injuries Among N.C. Residential Construction Workers, 1986-
Occupational Injury and Fatality Patterns of Females Employed1994—Dement JM, Lipscomb H
in the Construction Industry: Kentucky, 1991-95Mays J, Kidd
P, Struttman T All computerized workers’ compensation claims for 7400 N.C.
Homebuilders Association (NCHA) members and their subcontrac-
Purpose. In Kentucky, almost 10% (n=7250) of the constructitors for the period 1986-1994 were obtained from their compensa-
industry workforce is female. Recent studies have identified risfken insurance carrier. Average annual incidence density rates
in the construction industry that are particular to females. Hoygases/200,000 work hours) were calculated for all claims, claims
ever, epidemiologic studies of females employed in the constrircvolving medical costs or paid lost work time and by mechanism,
tion industry are scarce. This study provides important epidemiwture and body part injured. Incidence density rates were calcu-
logic information useful in targeting interventions for females enfated separately for each residential construction craft.
ployed in the construction industry.
A total of 31,133 worker's compensation claims were filed by
Research Data. This investigation used data from the Kentudiogmebuilders during 1986-1994. Of these claims, 10,680 claims
Department of Workers Claims from 1991-95 to describe both tivere for minor medical costs (less than $2000) without lost work
injury and fatality patterns of females employed in the construime beyond the date of injury. A total of 7199 claims involved
tion industry in Kentucky. The data set contained information graid lost work time which begins after the seventh day away from
sector of employment, age, gender, number of months employedrk in North Carolina. An additional 3543 claims involving medi-
time on that particular job, body part injured, nature, extent, aodl costs of $2000 or less and peid lost time occurred. For the
cause of injury, and days of work lost. seven years studied, the following average rates of filing claims by
claim type were observed.
Methods. The data were obtained electronically from the Kentucky

Department of Workers Claims. Injury and fatality patterns of fe- Cases/200,000 hrs
males are described and compared across several key stratifica@ioarall Paid Lost Work Day =~ Medical or Lost Time
variables. Where appropriate, injury and fatality patterns of f&6.40 3.79 10.78

males are compared to males to determine differences in the char-

acteristics of the injury or fatality. Analysis of variance and chFwenty-six work related deaths occurred among residential con-

square tests are used to test for statistical significance. struction workers during the seven years studied. Vehicle acci-
dents (n=6) were observed to be the major known cause followed

Results. Seven hundred and sixty-eight claims for females emplopgdalls (n=3), being struck by an object (n=3), electric shock (n=2),

in the construction industry were filed with the Commonwealth aihd contact with energy or chemicals (n=2).

Kentucky’'s Department of Worker’s Claims from 1991-1995. Less

than 1 percent (n=4) of the 768 claims were fatalities, 0.1% (nighest rates for cases involving medical costs or paid lost time by

was a permanent total disability claim, 1.0% (n=8) was a permmechanism of injury were observed for being struck by an object

nent partial disability claim, 52.3% (n=402) were temporary di$3.1), lifting/movement (1.97), falls from a different level (1.13),

ability claims, 43.6% (n=335) were lost time claims, and 2.3%iriking against an object (0.87) and falls on the same level (0.46).
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Rates by mechanism of injury were highest for muscle strains (2.3Weraging, i.e. RMS processing, gives optimal amplitude estima-
wounds/punctures (2.33), bruises/contusions (1.24), fractures/disa. Typical amplitude estimators in use today utilize one of the
locations (0.98) and injuries to the eyes (0.81). Among medi@ove processors, with RMS processing preferred.
cost or lost work time cases, body parts with highest injury
rates(cases/200,000 hours) were back/shoulders (1.99), finggeseral investigators found that inclusion of a whitening filter (a
(1.31), leg/knee (1.00), hand/wrist (1.00), foot/ankle (0.86) afiitter whose output power spectrum is constant-valued when pre-
eyes (0.82). sented with the input signal) prior to demodulation improved esti-
mator performance. Auto-regressive modeling of the EMG power
Injury rates were found to vary substantially among the residentsglectrum was used to form whitening filters which doubled the
construction trades. For more serious injuries involving medigalobability of differentiating between four contraction levels. For
costs or lost time, rates were highest for welders and cutters (28&ptractions above 10% MVC, similar whitening filters improved
insulators (24.3), roofers (19.4), and carpenters (15.3). The saheSNR by 63%. Whitening can also be achieved by reducing the
general trends by trade were observed for cases involving paid mser edge spacing of a pair of rectangular bipolar electrodes. A
time except that roofers were highest with a rate of 9.1 cases/200 @ddauthors have found that the shape of the whitening filter should
hours followed by insulators (8.5), welders and cutters (5.8) aadapt as a function of the contraction level.
carpenters (5.8).

Dispersing multiple electrodes about a muscle may provide a
Rates of falls from a different level resulting in medical costs broader, more complete, measure of the underlying
lost time were highest for roofers (5.54), insulators (3.53), carpetectrophysiologic activity. Using four electrodes, an SNR im-
ters (2.05) and drywall installers (1.99). Falls from a different levptovement of 91% has been achieved. Four electrodes have been
resulted in a fracture/dislocation 36.8% of the time followed hysed to improve the probability of differentiating between four
bruises/contusions (22.7%), muscle strains (21.5%) and joint spraioatraction levels by 40-70%. The combination of four electrodes
(10.3%). Multiple serious injuries occurred with 1.3% of the falland whitening via electrode geometry yielded a 176% SNR im-
from a different level. Body parts most frequently injured duringrovement. Eight whitened (auto-regressive technique), combined
due to falls from a different level were back/shoulders (25.0%8lectrodes provided a 309% SNR improvement.
foot/ankle (18.5%), leg/knee (16.4%) and arm/elbow (11.1%).

When the EMG amplitude varies throughout contraction, improved
Descriptive information for falls from a different level resulting iramplitude estimates can be achieved if the smoothing window length
paid lost time during 1993-94 (N=219) were reviewed in order i®tuned throughout the contraction. Adaptive window length pro-
better determine the causes and circumstances of injuries. Fadlssors have been implemented based on the EMG amplitude and
from a roof accounted for 25.4% of the cases followed by faits first derivative. When contraction levels changed rapidly or
involving scaffolds (23.9%), ladders (20.6%) and falls from ceislowly, marked estimator performance improvement resulted.
ing joists, floor joists or framing (14.8%).

Future EMG amplitude estimators should incorporate all of these
Session 7: Ergonomics and Safety Assessme 'linprovements_- adaptive_whitgning, multiple_electrode combina-

ion and adaptive smoothing window length - into a robust proces-
Meth0d0|ogy sor. The improved amplitude estimator performance which results

should provide more accurate assessment of muscular effort, mus-
A Review of Methods for Estimating the Amplitude of the Surcular activation patterns, muscular tension and other related mus-
face Electromyogram (EMG): A Window into Assessing Muscucular function indicators of interest to occupational safety and health.
lar Effort in Musculoskeletal Injuries—Clancy EA

The amplitude of the surface EMG provides a measure of muscilasessment of a Cartographer’'s WorkstatiofRentikis J

effort and has also been investigated as an indicator of muscle force.

Applications which utilize EMG amplitude in the study of trau©ffice ergonomics has become an important workplace issue, how-
matic musculoskeletal injuries include investigations into the mectexer the problem of using a mouse almost exclusively to operate
nisms of injuries (e.g., muscular activation patterns experiencgaftware has not received as much attention as other facets of of-
during slipping, tripping and falling), studies of muscular expdice ergonomics, i.e. lighting or keyboards.

sures associated with injuries (e.g., muscular efforts and tensions

coincident with lifting/lowering heavy objects), and physicaCartographers working for the U.S. Army spend their entire work-
therapy/rehabilitation (e.g., clinical assessment of muscular fulay in a seated position performing intensive input to their com-
tion). This presentation reviews typical methods used to estimptéers using a hand “mouse.” The nature of the work has resulted
the EMG amplitude from the EMG waveform and describes rig-upper extremity injuries as well as a high rate of upper extremity
cent/developing advances in EMG processing techniques. and back discomfort levels.

Early investigators treated the EMG waveform as an amplitudibe problems faced by cartographers is threefold. First, the mouses
modulated signal. The original amplitude estimator consisted gf@vided to the cartographers placed their wrists in non-neutral
full-wave rectifier (demodulator) followed by a resistor-capacitgrostures and also placed mechanical stresses on the hand. Second,
(RC) low pass filter (smoother). Empirically, it was then founthe tasks associated with the cartographers work activities require
that the signal to noise ratio (SNR) of a third-order averaging filtprolonged static postures of the upper extremity and back for the
provided a 44% improvement, and that a second-power demodutajority of the workday. Third, the workstations are not highly

tor was best. Mathematical models, representing EMG as baadjustable thereby forcing the cartographers to work in less than
limited Gaussian noise, found that second-power demodulation apdimal postures.
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Corrective actions included redesigning the mouse in order to pl&®@OPE: System for the Classificaton of Operator Performance
the wrists in a neutral posture, the mouse was shaped with rounBeents—Kapp EA

edges to reduce the mechanical stress placed on the hands, and the

buttons on the mouse were rearranged and the force requiremEiman error as a cause of accidents in the workplace has been an
lessened to avoid having the fingers stretch and use excessive farea of concentrated interest among safety practitioners and re-
to operate the buttons on the mouse. Second, new chairs whictsaegchers since Heinrich's first edition of Industrial Accident Pre-
capable of being easily adjustable in height, seat pan angle, aedtion in 1931.

back rest angle which also offer lumbar support are to be purchased.

Third, the desks which are adjustable in height are to be repladéa literature is widely divergent as to what percentage of occupa-
with desks that are adjustable in height and can also be tilteditmal accidents can be attributed to human error, with some claim-
move the desk surface closer to the cartographer. Finally, altering-80-90% of all accidents are due to human error (Salminen and
tive tasks are being investigated to see if it is feasible to encourdgdiberg, 1996) while others report percentages around 50% (van
the cartographers to move away from their seated workstation edeh Schaaf, 1992).

hour.

Regardless of the exact figure, human error is widely accepted as a
major source of or contributing factor to accidents and injuries in
Preventing Accidents Caused by Unrecognized Roof Beam Faithe workplace.
ures in Underground Stone Mines—Ilannacchione AT, Prosser
LJ, Oyler DC, Dolinar DR, Marshall TE, Compton CS There have been numerous approaches to investigating of human
error including: examination of the psychological characteristics
A safer environment for stone miners can be realized by enhanaifighe employee, physical characteristics of the workplace, and
the industry’s ability to recognize and monitor hazardous grounthnagement and organizational characteristics of the organization.
conditions. This is necessary because 12 of the 14 underground
stone miner fatalities in the last six years were caused by fallskzfch approach has shed some light on the issue, but none alone has
roof or rib. Because the total underground miner populationgsovided a complete and usable approach to analyzing human er-
lessthan 2,000, the fatality incident rate is greater than for minews in the workplace.
working in underground coal mines. Despite society’s demand for
the resultant products of stone mining, i.e., highways, buildingdCOPE (System for the Classification of Operator Performance
agriculture, water purification, etc., the public typically opposésvents) is a comprehensive tool for investigating workplace acci-
the development of surface stone quarries. Thus underground stiergs caused by human errors. Synthesized from the research on
mines are emerging as an alternative method for producing needadhan Information Processing, Signal Detection Theory, Judg-
raw materials within the tolerance level of the general public. ment and Decision Making, Organizational Design and Manage-
ment, Work Physiology, and Ergonomics, SCOPE analyzes acci-
One technique under development by NIOSH at the Pittsburdgnts to uncover the sources of the human error that caused the
Research Center aimed at reducing the safety risk to miners &caident.
remote monitor to detect hazardous ground conditions. Existing
mechanical roof monitoring devices installed in drill holes hav@COPE uses a two phase approach for the analysis: Event Descrip-
experienced only limited use in underground stone mines. Thése, and Causal Factor Analysis.
monitors are generally single point extensometers which measure
the overall separation of roof layers in the immediate roof. HaZvent Description involves the recording of all relevant facts con-
ardous levels of roof sag signal a high potential for roof failure. ¢erning the accident. Causal Factor Analysis uses the event de-
some cases this information has been used to add roof suppaription to pinpoint the underlying workplace factors that pro-
remove roof rock, or danger off affected areas. Unfortunately, thekeed the human error.
instruments are difficult to read because of their location on the
roof line, require a considerable number to accomplish full cove®ausal Factor Analysis consists of three steps: (1) mapping of the
age, and require considerable experience to determine dangeocausse and effect process that created the accident through creation
sag rates. A new generation Automated Roof Monitoring Safeifyan Incident Production Tree; (2) classification of the operator
System (ARMSS) developed by NIOSH improves on the existiggrors involved in the accident through the Error Classification
methods for determining roof stability. This mechanical roof s&jowchart; and (3) determination of the contributing factors in the
monitor includes the following features: 1) inexpensive (<$150)orkplace that produced the errors using the Workplace Factors
2) multiple anchor points [a many as six], 3) adaptable to stand&idecklist.
data acquisition systems, 4) easy to install, and 5) remote monitor-
ing capabilitiy. At a recent field site test the following issues weRreliminary testing in the healthcare industry indicates that SCOPE
examined: 1) what are critical sag rates?, 2) how much sag octas great promise for use in operational settings to determine the
prior to a roof fall?, 3) at what locations in the roof does the failummderlying causes of human errors in the workplace.
occur?, 4) how often should monitors be read?, 5) where should
monitors be placed within the entry?, 6) when should monitors Beferences: Salminen, S. and Tallberg, T. (1996). Human errors in
used?, and 7) how should the monitor data be analyzed? Thidatsl and serious occupational accidents in Finland. Ergonomics,
search will provide recommendations/guidelines on these iss38¢7). 980-988.
so that this technology can be used effectively and efficiently in an
effort to improve the safety conditions for underground stone midan der Schaaf, T. (1992) Near Miss Reporting in the Chemical
ers. Process Industry. Eindhoven: Technical University of Eindhoven.
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Concrete Shoring Systems Loads and Safe Desidiuston DR ries should include effective prevention activities, but that the na-
ture of preventive activities should be examined more closely, as

This paper reports on a study that examines safety issues relatesditety rules and other changes may not be effective in preventing

preventing the collapse of temporary support structures, called shieirjury. Work-related Injuries in a typical population are associ-

ing, during the construction of buildings with reinforced concretged with significant burden in terms of lost wages, psychological

columns and floor slabs. The basic problem is that fresh concratel social disruption, and persistent symptoms and functional defi-

is quite weak and cannot support its own weight. As concreiés, despite returns to work.

cures, it grows stronger and is eventually able to carry its weight.

Itis during the pouring and curing stages that the structure is Viltional Costs of Occupational Injuries in 1992keigh JP

nerable to collapse and to cause injury and often death. Hadipriono

and Wang (1986) reported on 85 such collapses that occurred @fijective. To estimate the annual incidence, the mortality and the

ing the previous 25 years. The main issue with preventing thefct and indirect costs associated with occupational injuries in
collapses is to design and use the shoring systems to supportfB&nited States in 1992.

concrete properly. Unfortunately, there have been very few field

measurements of the loads experienced by shores and the peffigiign. Aggregation and analysis of national and large regional
mance of shoring systems. The objective of this study is t0 M@@ta sets collected by the Bureau of Labor Statistics, the National
sure the loads on shores as the buildings are being built and togtsgncil on Compensation Insurance, the National Center for Health

this information to evaluate the existing codes and to make recoiatistics, the Health Care Financing Agency, and other govern-
mendations for improved shoring design and use procedures. Logdtal bureaus and private firms.

have been measured in four buildings, three of which are low rise

buildings of a couple stories each. The fourth building is a tweniethods. To assess incidence and mortality of occupational inju-
five story high-rise in Cambridge MA, known as the Museumes and illnesses, we reviewed data from national surveys. To
Tower. The building is built with a new shoring system that alssess costs we used the human capital method that decomposes
lows rapid construction sequencing. Slab deflection measuremests into direct categories such as medical and insurance adminis-
are taken on the building as well. The measured loads are c@®tion expenses as well as indirect categories such as lost earn-
pared with those predicted by computer models and by the Afds |ost home production and lost fringe benefits. Some cost
code. Preliminary results from the data indicate that there canda@mates were drawn from the literature while others were gener-
large variations in the loads on nominally identical shores, thermabqg within this study. Total costs were calculated by multiplying
effects are much larger than anticipated, and the average loadg&age costs by the number of injuries in each diagnostic category.
close to those predicted by ACI. Certain recommendations are
being formulated for the use of safer pouring sequences, the degigQuits. Approximately 6,500 job-related injury deaths, and 13.2
loads for shores, and the use of electronic monitoring and hazaffition non-fatal injuries are estimated to occur annually in the
ous condition alarm instrumentation. civilian American workforce. The total direct ($49 billion) plus
indirect ($96 billion) costs were estimated to be $145 billion. Of

Session 8: Social and Economic Impact of Oc-the $49 billion in direct costs, $25.1 billion was spent on doctors,

: - hospitals, drugs, nursing homes, and rehabilitation providers; $5.7
CUpatlonal Injurles and $8.9 billion went to cover medical and indemnity insurance
) ) ) administration expenses; $8.7 billion covered property damage; and
Social and Economic Impact of Occupational Back and Uppetgg g pillion paid for police and fire services. The $96.2 billion of
Extremity Injuries: A Pilot study—Pransky G, Benjamin K, Hill- i qirect costs can also be disaggregated: $68 billion in wage losses;
Fotouhi C $14 billion in fringe benefits; $8 billion in home production losses;

) . o $5.2 billion for workplace training; and $0.3 for time delays. The
We obtained a random, stratified sample of 405 individuals Wl@timates are likely to be low, because they ignore costs associated

had occupational upper extremity or low back Injuries a year g pain and suffering as well as those of within-home care pro-

fore a survey was mailed to them. The survey included informggeq by family members, and because the numbers of occupa-
tion on demographics, employment, social and other factors, g injuries are likely to be undercounted.
multiple dimension of health-related quality of life, as well as eco-

nomic and other consequences of Injuries. The survey was #ig,cjysion. The costs of occupational injuries are high, in sharp
product of extensive validation and reliability testing, and incorp@ynirast to the limited public attention and societal resources de-
rated previously-used questions as well as several new scales.\Wgq to their prevention and amelioration. Occupational injuries

attained a follow-up rate of over 65% of those where addresggs 4 insufficiently appreciated contributor to the total burden of
could be verified, with only 8% refusing to participate. health care costs in the United States.

Results. Length of time out of work was directly associated with a

number of adverse economic, functional, and psychological cdeturn to Work Following Traumatic Injury: A Prospective Study
sequences. Employer accommodations were important in achievthe Effect of Trauma on Patients’ Working LivesPetersen

ing early return to work, and were actually more strongly assogd, Morabito D, Boccellari A, Mackersie RC, Ochitill H

ated with prevention of re-injury than job modifications that were

specifically designed to prevent recurrence. Although less than 19%tims of acute traumatic injuries are displaced from the labor
never returned to work, persistent functional and symptomatic prébrce by an event exogenous to their usual occupational responsi-
lems due to the injury were still present in most respondents. Tibikties. This displacement represents economic costs to individu-
loss was also associated with negative employer responses. al¢etheir families, and society because of the temporary or perma-
conclude that immediate employer responses to work-related Inmjent loss of productive activity. To date, little is known about the
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impact of non-disabling injury on an individual’'s economic statutors and workers must be presented with information depicting
The purpose of this study was to estimate the economic impacsafety as economically advantageous to their companies and ca-
moderate traumatic injury on labor market activity, to define addeers. Because no one data source is available to understand the
tional factors that may act to facilitate or inhibit return to work, andultifaceted, complex relationships between economics and safety,
to better assess the need for program interventions that wouldifitgegration of multiple data bases were used. In this presentation
cilitate recovery. we will discuss briefly the intervention model and the data bases
used in gaining an economic view of construction-related injury.
Patients and Methods: Patients were recruited on the basis ofD4&)a bases integrated include: focus group sessions, case studies
pre-injury employment, 2) absence of psychiatric history, 3) abf fatal and minor injuries, interviews with chiropractors, a hospi-
sence of neurologic or other permanently disabling injury. Data trauma registry, state worker compensation files, and insurance
were collected prior to discharge and at 6 month follow up. Datalicies and claims. The integration process used in combining
included injury severity, pre- and post-injury wages/salary, workualitative and quantitative data will be discussed and illustrations
ing conditions, job satisfaction, qualification for transfer paymeptovided.
programs, pre-injury health status, and household wealth.

Measuring the Injury Severity of Occupational Injuries-Gillen

Summary Statistics. The average age of the patient population Wag-aucett J, Beaumont J, McLoughlin JJE
33 yrs (s.d. 11). The patients had a mean injury severity score of
12 (s.d. 9.3) and length of stay (days) of 6.3 (s.d. 4.8). Injurieiding a measure that distinguishes well between the severity lev-
incurred were as follows: upper ext. fx. (7), lower ext. fx. (24§ls of less serious injuries such as those found in occupational set-
pelvic/spine fx. (11), chest/abd. inj. (16). tings has been problematic. In this study of 255 construction work-
ers who sustained nonfatal falls at work, two measures of injury
Results. Sixty-one patients were recruited for the study with océgverity were used - the Injury Severity Score (ISS) and the dis-
pations evenly distributed between blue (n=31) and white col@pility section of the Stanford Health Assessment Questionnaire
(n=30) classes as defined by the Department of Labor. PrioflAQ), a functional limitation measure. It was hypothesized that
injury 82% of patients found their work a rewarding experiencéie functional limitation measure would provide a more normal
74% said they would continue working even if they did not nedlistribution of scores as compared to the ISS, which is a threat-to-
the money; and 61% felt their injury would impair their ability tdife scale. As predicted, the ISS scores in this study were clustered
return to work. At six month follow-up interval, 67% of subjecttoward the lower end of the scale with 112 injuries (43%) receiv-
had not returned to work. The average annual salary of the patidfgsa score of 1. The mean ISS was 3.2 (SD = 3.0; median = 2.0)
was $24,944 (s.d. $15,014) while average lost earnings and wék-an ordinal scale from 1 to 75. The highest ISS was 22.
ing hours due to injury were $10,165 and 796, respectively. Over
one-third of the subjects reported that a family member took tirhee HAQ originally was developed to evaluate functional limita-
off work to care for them. The average lost earnings of these fdfans in iliness. It has primarily been used in rheumatic conditions,
ily members was $2,760. Factors that positively influenced rettHt has been successfully used with other chronic diseases. The
to work were job satisfaction and earnings, while negative factdt4Q was selected in this study because it measures overall func-
were stressful working conditions, mental health status, and iti#nal limitations as well as limitations in upper and lower extremi-
pending lawsuits related to the injury. ties. It consists of 20 questions grouped into eight components
reflecting activities of daily living such as dressing, walking, reach,
Conclusions. Moderate trauma results in potentially crippling ec@?d grasp. Participants evaluated their ability to perform these tasks
nomic disruption to individuals and their families and inflicts larg@uring the first week after their fall.
aggregate costs to society. Low income households may be fur-
ther marginalized by the effects of trauma due to substantial losd fie mean functional limitation, as measured by the HAQ score,
patient and family earnings. Trauma patients “at-risk” for not r&as 1.5 (SD = 0.7) on a scale of 0 to 3, with higher numbers repre-
turning to the labor force may be identified on the basis of po§enting more limited functioning. The median HAQ was 1.38.
injury economic and vocational factors. The aggregate costsT#g mean scores in samples with various rheumatic diseases, par-
individuals and society reflected by this data suggests a need #6ipating in multi-center studies, have been reported from a low
and the potential feasibility of, cost-effective programs that wilmean score of 0.55 (SD = 0.1) for systemic lupus erythematosus to
facilitate return to work in this patient population. a high mean score of 1.34 (SD = 0.02) for rheumatoid arthritis.

With regard to individual tasks, participants reported having the
Gaining an Economic View of Construction-Related Injury: In- most difficulty performing heavy chores (mean = 1.89; SD = 1.02),
tegrating Quantitative and Qualitative Dataidd P, Struttman dressing themselves (mean = 1.54; SD = 1.05), and bending and
T, Mays J, Parshall M picking up clothing from the floor (mean = 1.40; SD = 1.02). Tasks

which caused the least difficulty were opening car doors (mean =
Economic factors influence both the safety decisions and safé8g; SD = .96), turning faucets on and off (mean = .34; SD = .72),
performance of construction workers and owners of constructiand lifting a full cup or glass (mean = .31; SD =.71). There were
companies. The framework for intervention development usedna statistically significant differences in means among the trades
this study is an inductively derived model linking stress, economith regard to HAQ scores, but the highest scores were reported by
ics, and injury. To develop an intervention that integrates econordiywallers and plasterers, and the lowest were seen in electricians.
factors in a meaningful fashion for these individuals, it is neces-
sary to understand from their point of view the decision makifithe HAQ scores provided useful information about the degree to
process used in assuming greater risk. For injury prevention which workers were disabled from falls during their first week of
forts to be successful in the construction industry, owners/opereeovery. They were moderately correlated with days lost from
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work (r =.52; p =<.001), hence could prove useful to occupatioridie NIOSH surveillance system has been highly successful in serv-
health practitioners. Use of the HAQ was successful with this popog NIOSH’s mission of prevention of occupational injuries as
lation; however, it needs to be evaluated in other samples to mapelied to relatively large number, relatively high frequency events
conclusively determine its utility in evaluating occupational injurguch as falls, machinery mishaps, and environmental exposures.
disability. Sequential administration would be useful to assddewever in the case of relatively low number and low frequency
whether the HAQ is sensitive in detecting minor patient statinglustrial disasters such as explosions and fires, and commercial
changes over time. aircraft accidents, the applicability of the surveillance model is far
less clear. | believe that some of the problem lies with worker
. ) . Xposure - its interpretation and evaluation, and some of the prob-
Session 9: Me_thOdc’IOgles Used to Collect ancﬁem lies with assumptions (both explicit and implicit) as to weight-
Analyze Surveillance Data ing factors (i.e., economic, societal and hazard impacts) to be or
not to be considered in the data analysis. | believe there is a defi-
[hite need to broaden the data base that exists in current surveil-
lance S&H models; particularly in the area of worker exposure.

Formal Safety Analysis Methods as Tools for Hazard Survei
lance—Kerkering JC

Traditional health surveillance methods are based on a dise gbe_‘se points W'”,be elabor.ated on in terms of ',[he numerator and
and-illness model. That is, the model is used to respond to denominator’ of surveillance information, in which BLS and
incidence of illness and disease by categorizing and counting S%{QSH surveillance Sulj,d'eds revolve around ? ;:]ount Okf the |njuredd
incidences and describing the circumstances surrounding the &€ numerqtor) normalized to some count‘o the wor’ €rs expose
imf. denominator). If one interprets the ‘numerator’ of surveil-

currence. This approachis dictated by perceptions of a cause- q forri h individuals. institut q
effect relationship where the cause is not readily observable a gree rate data as referring to those individuals, Institutions an

significant time lapse lies between the initial cause (source) anoqygnts.whlch are directly affected by accidents that occurred, then
effect (illness). Hence, traditional health surveillance has, by eighting factors that relate to the numerator (referred to as N-

cessity, often been reactive and descriptive rather than proac Efelors) can be deﬂngd bgsed on degrees qf hazard or injury apd
and predictive. the economic and societal impacts that are directly associated with

the occurrence of the accident.

Such areactive surveillance model, as stated in the NORA research | . , . o
Re ‘denominator’ of surveillance data will likewise be affected

guideline document (p. 53), is deficient where the topic of conc H o . R
is worker safety, and the effect of a triggered hazard is usu weighting factors, but the D-factors will refer to those individu-
! S, institutions and events which are in harms way, i.e., those who

immediate with often fatal results. Surveillance activities, whe' | be aff d by id il be d bed. th
used to prevent traumatic injury, must identify these workpla ea gcte by uture accidents. As wi )€ describe i L e_D'
tors being different from the N-factors, will lead to a ranking

hazards and the conditions that trigger accidents. Itis often p hich is diff ; h | loved b
sible to identify the causes of accidents in terms of hazards Hemew ich is different from that currently employed by NIOSH,

triggering conditions and thus predict possible effects before lr'lt ong that °°9'd lead to an all-inclusive model for epidemiologic
accident oceurs. analysis of accidents.

The author claims that an effective hazard surveillance model g}other aspect of the model employed by NIOSH for prevention

hazard identification and accident prediction requires a proact eoccupationgl irTju.ry.is whgt mig.ht be ca}lled the ‘H.adldon Strat-
/' for reducing injuries. With this paradign, remediation efforts

approach, an approach that is feasible using well-established, . 2 . .

tematic, safety-analysis procedures. This paper describes two b &4S on those means available for red.uc.:mg injuries associated with

safety-analysis approaches, inductive and deductive, and then §h _ac0|d(’ant, rather.than on determining the exa(.:t. ca.use(s.) or
[pmy of an accident. For example, water purification will

ests how these approaches can be used to anticipate acciden ' - <.
g PP P \'ﬁrol disease even in the absence of specific knowledge as to the

that preventive measures can be taken. Preliminary hazard ana ;
is described as an example of an inductive approach, while f ogens that would cause disease. Unfortunately, low frequency
tors, such as mine explosions and fires, often involve the lib-

tree and event tree analyses are described as examples of ded ¢ ; X h ; ¢ ional in
approaches. The mining industry provides examples for each ation of energles so great that prevention o occupathna injury
tes that the event must be prevented from occurring. This

proach: a fault tree analysis of a blocked ore chute in a deep m . )
requires a fundamental understanding of the exact causes that can

mine and a preliminary hazard analysis of a longwall escape o :
in a coal mine. The author concludes that these methods CV(I% to the event. Inthese cases, it is only through a detailed anatomy

improve hazard surveillance results and provide new insights iiqi%search) of an accident that solutions for prevention will be found.

cause-and-effect relationships related to risk and traumatic injurP]/ . - .
in mining. The Effect of Using Death Certificate Information on Industry

and Occupation Specific Fatality Rateswolf SH, Loomis DP,
Gregory E, Runyan CW, Butts JD
Surveillance of Disaster - A View from the DenominatoGhaiken
RF Death certificates are a primary source of information used to esti-
mate industry and occupation specific fatality rates for the United
Surveillance plays a very significant role in the NIOSH epidemi&tates. Funeral directors completing this information are instructed
logical model as applied to occupational health and safety. Siarrecord the decedent’s usual industry and occupation. However,
veillance studies are used in identifying occupational problentkse usual industry and occupation during a decedent’s lifetime, rather
evaluating the effectiveness of intervention procedures, establigtan their industry and occupation at the time of the injury, may be
ing research priorities, and allocating resources for its health anidleading in determining industry and occupation specific rates
safety program. of fatal injury at work. The purpose of this study is to compare the
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industry and occupation at the time of the fatal injury described these methods compare the number of animals caught from a given
the medical examiner with the usual industry and occupation pspulation in one capture effort with another survey done at a later
corded on the death certificate and identify effects on computéde. By matching animals caught in both surveys and noting the
rates. differences, an estimate of the total population can be developed.
Application of capture-recapture methods to fatal occupational in-
Cases for the study were selected from records of the Office of fingy, using multiple data sources as analogous to serial capture ef-
Chief Medical Examiner for North Carolina. All accidental deathferts, holds promise for improving the precision of annual fatal
and homicides identified as “at-work” in the medical examiner&ijury incidence estimates and the characterization of deaths as
system between 1977 and 1991 were selected for study. Infortitiady work-related”. It further facilitates evaluation of differences
tion on usual industry and occupation was abstracted from del#itween these datasets in terms of the types of cases found in each.
certificates in the medical examiner’s records and industry and
occupation at the time of the fatal injury were determined froMorth Carolina has a centralized medical examiner system in which
medical examiner investigative reports. Industry and occupatioonsistent effort is made to identify and record information for
were coded to the U.S. Bureau of the Census. Tabular analydegths on-the-job. In addition, North Carolina has its own Occu-
describe the differences between usual and injury industry and pational Safety and Health Act (OSHA) program which collects
cupation groups by fatality type (intentional and unintentionaipnformation on fatal events within the purview of OSHA guide-
age, gender and race. Case and population data were used toliests-as well as a Worker's Compensation Insurance Program and
mate industry and occupation specific rates of injury mortality pardeath certificate file wherein the OTJ variable is collected on
100,000 worker-years. every death certificate. North Carolina also participates in the US
Department of Labor’'s Census of Fatal Occupational Injury Pro-
The medical examiner’s system identified 2524 injury deaths ogram (CFOI) in which each case is verified as work-related from at
the-job between 1977 and 1991; 2099 from unintentional traunfeast two different sources, including all of those noted above.
358 from homicide and 67 from poisoning or environmental con-
ditions. Industry at the time of injury was known for 2465 casé®r 1994 and 1995, the ME, death certificate, worker’'s compensa-
and the overall agreement with usual industry was 78%. Hortibn, and OSHA data sets for North Carolina are examined to as-
cides had a lower percentage of agreement (73%) than did casees$ the concordance and discordance between them and, from that,
unintentional traumatic injuries (79%). Occupation at the time tif provide a more complete estimate of the “true” annual incidence
injury was known for 2449 cases and the overall agreement w(ihcluding confidence intervals) of fatal occupational injury using
usual occupation was 75.3%. Percentage agreement for homicideRiple source methodology (capture-recapture methods). The
(74%) was the same as for unintentional traumatic injuries (75%gsultant aggregate estimate as well as its component parts (datasets)
The agreement between injury and usual industry or occupatime compared to the CFOI dataset (the gold standard since inclu-
did not differ by race or gender. For workers 65 years and oldgign in this set as a fatal occupational injury is confirmed by more
death certificate data about industry was less likely to agree witfan one source). Sensitivity and specificity analyses for each
data from the medical examiner (65.9%) than for workers aged #i&taset are performed to identify areas of variation by age, race,
64 (80.7%). Crude mortality rates for unintentional traumatic igender, and other variables such as the decedent’s occupation/in-
juries were underestimated for the ten leading industries and eigbstry. Univariate and multivariate logistic regression are used to
of the ten leading occupations using usual industry and occupatstimate the log odds (odds ratio) that a given type of case will be
rather than industry and occupation at the time of the injury. Found in the component datasets and aggregate data when com-
homicides, underestimates were observed for the two leadingpared to CFOI. Policy and practice modifications that will have
dustries and occupation. Industries most likely to be affected diyect effects on the completeness of the data sources individually
misclassification were: agriculture; forestry and logging; construand in aggregate are discussed along with implications for the ap-
tion; truck and bus transportation; and grocery stores. Foregtfication of these methods to the development, implementation,
and logging occupations and fishing, hunting and trapping oc@and evaluation of prevention efforts.
pations were most likely to be misclassified. While usual industry
and occupation identifies the major industry and occupation grolBassion 10: Measuring the Risk for Occupa—
at risk for fatal occupational injuries, its use can misstate actlfal L Ini
fatality rates for specific industries and occupations. ional Injury

Fatal Occupational Injury in North Carolina: Using Capture- A Decision Model for Use in the Allocation of Safety and Health
Recapture Methods to Ascertain and Evaluate Annual MortalityResources-Warrack B, Redekop T
from Multiple Data Sources—Hooten EG, Butts JD, Baker SP

There has been an increasing emphasis in jurisdictions on direct-
Fatal injury in the context of one’s employment is a problem thisg safety and health prevention activities to where they are most
seems relatively easy to define and, consequently, to enumerageded. To effectively accomplish this, better data and improved
Unfortunately, investigation reveals an issue plagued by imprecifa analysis methods are needed. Data on occupational injuries
definitions that vary by data source and agency mandate, furted illnesses is useful to assist in deciding where to direct safety
complicated by confusion about the nature of activity at the timeafd health inspection activities. The model being proposed uses a
injury and characteristics of the decedent’s employer as influentegnber of decision variables to assist in deciding how to priorize
upon whether an injury death is characterized as on-the-job (O@yl focus efforts. Key to any model such as this is being able to
or not. use data to define, characterize the risks and quantify the risks to

workers so that risks can be appropriately ranked and risk com-
Capture-recapture methods were developed in animal ecologyp@sisons made so as to focus efforts. Manitoba jurisdiction data
improve the accuracy of estimates of wild animal populations; and|l be used to demonstrate how this model can be used in practice.
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Also discussed will be some shortcomings and problems assagid possible applications of this measurement to evaluate risk for
ated with using this type of data in decision models. acute and chronic injuries at the workplace.

Re-conceptualization of Measuring Musculoskeletal Disorders'NeW Biostatistical Approaches to Measure and Monitor Health

A Pilot Test of Telecommunications Workersriffin J Trends—Brant LJ, Bos AJG

While reports of repetitive trauma injuries and disorders amoﬁ cent interest in monitoring health trends |n_|nd|_\/|duals through
eated health examinations has led to a realization that one of the

workers have continued to increase over the past decade, littlel Fo° . i AR . .
search has been done to either modify existing measures or 0% g_llenges facing these programs is to dlstlngwsh aging and dis-
velop new measures that are valid and reliable. Having valid amre from other health-related e"ef‘ts.- Ag_lng and d'se‘?‘se progres-
reliable measures is essential to understanding the relationshipsl!)%n are bqth processes of change in individuals occurring over the
tween early signs of musculoskeletal strain and chronic mus gurse pf tlme_, af“? canybe_ a_lffected by th? occurrence of numerous
}/_ents in the individual’s living and working environment. Both

loskeletal disorders; moreover, they may be important to und& ) . : .
standing how strain increases the vulnerability to other work-rad€ (_:hanges and disease have a direct impact on the functlc_)n (.)f the
lated injuries individual and thus needs to be accounted for in any monitoring

’ process of the individual. The process of change occurs in every-

For this project, the current literature on work-related musculosk-&’ but it is a highly individual pher_10rr_1e_non that occurs differ-
tly from person to person. Some individuals may change very

eletal disorders was reviewed. Experts were consulted to diff- . - ;
mine the strengths and weaknesses of the frequently-used 't!ae- with regar(_j toa pgrtlcular health_- related outcome, while oth-
sures of musculoskeletal disorder symptoms. Combining the fif> may ShO\.N increasing or decreasing trends of th(_e o_utc_o_me. In
formation from experts, findings from previous research, and otl Oéper t(.) rT‘O”'tor and better understan(_j health trends n |nd|v_|duals,
hypothesized relationships, a new measure of musculoskel’c—ebt'gﬁtatlsncal approaches must be available that allow investigators

symptoms was then developed and tested for validity and relia@i?—d clinicians to examine the different patterns of change over time

ity. Eight anatomical areas (wrists, hands, fingers and forearfg oNgd Persons as well as account for the naiural heterogeneity

neck; shoulders and upper arms; elbows: upper back: lower ba%rppng individuals. Such an approach must be able to predict each
' ’ ' ' %son‘s response even if that response differs substantially from

hips and thighs; feet and ankles) are included in the new measqj verage response for the population. Information for describ
For each anatomical area, general questions about symptoms, gu%ﬁ 9 PONS pop N
patterns of individual response requires the development of a

as pain, weakness, and limited motion are asked. Those reporj{i] ical history that is obtained by monitoring a particular out
any symptoms are then asked more specific questions about im- y y gap

ited activity, previous injury, medical treatment, and severity come for each individual over time. This paper discusses a hew
' ’ ' " biostatistical approach that is appropriate for monitoring individual

To test this new measure, surveys were sent to 179 telecommnﬁﬁlth trends and describing the natural heterogeneity in the study

cation workers from a local labor union. All the workers surveyéao()pu'at'on' Results from the approach can be used in identifying

have jobs that require them to use repetitive motions on compd?éjrjv'duals with deviate or abnormal patterns of response. EXx-

display terminals for a majority of the workday. This work grou mples o_f_applying the approach _include the monitoring of pros-
is primarily women (80%), who are married (60%), with an ave ate specific antigen as a diagnostic tool for prostate cancer and the

age age of 37 years. The average length of time working for fJ82C 2100 00 2000 B et S8 e e esearchand
current employer is 8.5 years. 9 P

practice in health evaluation, health prediction, and the develop-

Workers report general symptoms of musculoskeletal disorders n{ggtm and promotion of injury and disease prevention strategies.

commonly in the neck; lower back; and hands, fingers, wrists or
forearms. For each of these groups, about 70% of the sampleQsunting Concepts: Estimating the Population-at-risk for Regu-
port at least one general symptom (e.g., pain, limited movemeatpry Action—Botkin A
specific to that group. Approximately 45% reported at least one
general symptom in their shoulders and upper arms. Before an OSHA regulation can be enacted, a considerable amount
of study and analysis is devoted to the supporting materials needed
Responses to questions about general symptoms of musculodkelthe rule, and its regulatory impact analysis, or RIA. The need
etal disorders were also compared to a self-report of being médi-regulatory impact assessments is created by Executive Orders,
cally-diagnosed with a musculoskeletal disorder. Workers weas well as Congressional and judicial actions which require Fed-
asked to report if they had ever been diagnosed with certain dissral agencies to evaluate the impact of proposed regulations.
ders, such as carpal tunnel syndrome or a back disorder to the
muscles, nerves or discs. Of those who report having been diagignificant issue in the development of a regulatory impact analy-
nosed with carpal tunnel syndrome by a doctor, 88% answesislis estimation of the population-at-risk. This value characterizes
“yes” to having all of the general symptom questions associatie baseline, drives the estimate of potential benefits as well as the
with hands, fingers, wrists or forearms. Of those who report eerst of compliance in achieving reductions in the hazard following
having been diagnosed with a back disorder to the muscles, neinggementation of regulations. But for most regulatory actions there
or discs, 79% answered “yes” to having all of the general symipno statistical data service that can provide a count of the specific
toms associated with the lower back. entities or occupations affected by the proposed rule.

This presentation will include a short analysis of the current mdake many other important aspects of safety and health regulation,
sures, a discussion of the development of the new measure, aacdenfined space is a concept. It is instantly recognizeable to in-
tigue of the validity and reliability properties of the measuremeribrmed safety professionals, but it is of little importance in any
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other business or economic context and thus not enumerate®aence, 1992, Vol. 15, Nos. 4-6, pp. 215-224.

examined in statistical data.This presentation will illustrate the re-

search and development of this important metric for the OSH#ardesty, C., C. Culver, and F. Anderson. Ironworker Fatalities in
general industry confined spaces standard, and the developme@afstruction, Occupational Hazards, June 1993, Vol. 55, No. 6,
its analogue in the construction industry standard on confinpg. 47-49.

spaces.

Session 11: Fall-related Injuries in Construc- Nonfatal Falls in Construction Workers: Predictors of Injury
tion ) Severity—Gillen M, Faucett J, Beaumont JJ, McLoughlin E

The study evaluated injury severity in a group of construction work-
Slipping, Tripping, and Falling Incidents: Steel Erection and ers who sustained nonfatal falls at work. The convenience sample
Metal Roofing Workers—Murphy PL, Cotnam J, Sorock G consisted of 255 adults, predominantly males (97%) with a mean
age of 34.6 years (SD = 9.3), who were identified from Doctor’s
Falls in construction are a serious problem. In a recent stuyst Reports submitted to the California Department of Industrial
(Leamon and Murphy 1995), 38% of workers’ compensation claiRelations. A full range of construction trades was represented in
costs in the construction industry were associated with falls. Tive sample population. More than one quarter of the sample were
incidence of falls was 4.9 falls per 100 full time workers. A pamion members, and more than half worked in residential construc-
capita cost was calculated at $560 per employee for direct mediia. For those that fell from heights (76%), the mean height of the
and indemnity costs. Steel erection workers and roofers have bfadinvas 9.2 feet (SD = 7.1).
identified as high risks for falls in the construction sector, but lim-
ited international research on the risk factors or causes have bB&p measures of injury severity were used - the Injury Severity
identified in the literature (Suruda et al., 1995, Flett 1992, HardeSyore (ISS) and the disability section of the Stanford Health As-
et al., 1993). sessment Questionnaire (HAQ). There were 518 injuries includ-
ing 61 extremity fractures. Thirty-two individuals were hospital-
This study is a retrospective analysis of workers compensatiead and 41 required surgery. Seventeen participants (7%; 95% ClI,
claims over a seven year period, with over 90,000 claims speci#ito 10%) were deemed permanently disabled. A simultaneous
to worker’'s compensation job classifications for steel erection workultiple regression model, using five independent variables, ex-
ers, bridge workers, and metal roofing. The number of slippingained 21% of the variance in HAQ scores. Nonunion status and
tripping and falling incidents and the relative cost of falls are egoorer safety climate scores indicating increased risk were posi-
amined by injury type, body part and occupation. Aggregate fitérely correlated with higher HAQ scores, as were greater heights
quency and severity of events, and relative individual claims coatsd impact on concrete surface. The mean number of lost days
are presented. Details on type of fall, the location of the slip, tijas 44.3 days (SD = 58.6), and the median was 10 days. Both
or fall, the walking surface and condition or contaminant, employe®asures of injury severity were moderately associated with a
activities, and although very limited, footwear worn, when the igreater number of days lost from work ( ISS: r = .43; p = <.001;
cident occurred will be extracted from individual narrative accHAQ: r = .52; p = <.001).
dent descriptions. The available narrative description is limited to
120 characters. Algorithms based on word frequency and usadeost half of the sample (46%) were involved in direct installa-
were developed for this analysis. tion when they fell, and 91% were performing their usual duties.
The most frequently reported specific activity being performed at
Specific goals of the study are to identify the scope of occupatiotted time of the fall was walking (22%), followed by descending
injuries, and antecedent events for workers exposed to metal r¢aft%), and climbing (10%). Workers who fell from a height, fell
ing, decking, and beams, determine the significance of slippimgst often from ladders, scaffolds, or planks (41%), followed by
incidents for falls on the same level and falls from elevation angbfs and wood skeletons (24%). Forty six percent of the sample
compare with tripping, loss of balance, falls through openings, frdeil from heights of six feet or more.
perimeters, from scaffolds and other locations. Additionally, this
study determines the significance of slipping incidents that occliie Safety Climate Measure score was significantly associated with
on steel beams, decking and roofing and compares them with slipion status (r = .225; p = <.001), and is most likely explained by
ping incidents on other surfaces like ladders, concrete and plywoidge items in the instrument where union and nonunion members
differed in their perceptions regarding safety conditions at their
References job site. Union members were more likely than nonunion mem-
bers to perceive supervisors as caring about their safety, be made
Leamon, T.B. and P.L. Murphy. Occupational slips and falls: moagvare of dangerous work practices and conditions, have received
than a trivial problem, Ergonomics, 1995, Vol. 38, No. 3, pp. 48gafety instructions when hired, have regular job safety meetings,
498. and not perceive that taking risks was a part of their job.

Suruda, A., D. Fosbroke, and R. Braddee. Fatal Work-RelatBgese finding confirm that falls in construction are far too com-
Falls from Roofs, Journal of Safety Research, 1995, Vol. 26, Nomon, suggest that injury severity and disability associated with falls
pp- 1-8 is notable, and identify key target areas for intervention and pre-

vention such as management commitment to safety, ongoing worker
Flett, D.S. Reducing Risks in the Erection of Structural Steel, Safetyining, and hazard identification and control.
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Risk Factors of Task Performance at Elevated and Inclined Surstruction. This intervention research is funded by the Center to
faces—Bagchee A, Bhattacharya A, Succop P, Medvedovic NProtect Workers’ Rights and NIOSH.
Mitchell T

Falls are the leading cause of injury in construction. The construc-
A majority of fatal and non-fatal accidents at the workplace ocction safety literature recognizes available engineering controls, work
due to fall-related incidents, particularly in the construction indupractices, and personal protection which are effective in prevent-
try with twice the rate of nonfatal falls as the average industing construction falls. However the equipment and practices are
Most falls result from momentary loss of postural stability of theot widely used in the industry.
worker. Working on elevated and/or inclined surface can produce
excessive demand on the postural control system of the workeris project implements a construction contractor certification pro-
For example, ironworkers and roofers traditionally work at raiseggam called Fall-Safe to improve management use of existing fall
and/or inclined surfaces and account for 70% of fall-related fatghrevention methods and to develop an accountability system on
ties. A laboratory-based study was performed to investigate jbb sites to maintain appropriate controls in the dynamic construc-
effect of surface elevation, surface inclination, environmental lighten setting. WVU Safety and Health Extension serves as the cer-
ing and noise on postural stability of workers performing simtifying organization for contractors in West Virginia, and is assist-
lated tasks. Twenty young (age =3D 25.0 =F1 2.2 years) and tweinty contractors in developing office and site fall prevention pro-
old (age =3D 53.7 =F1 3.2 years) industrial workers, with equgidams, training of supervision and workers, and quarterly audit of
number of males and females in each group, participated in Hwth company and site fall prevention efforts.
study. The subjects performed three kinds of tasks of Stationary,
Bending, and Reach. The subjects performed these tasks on Bp#-Safe has been successfully marketed to contractors as a way to
cially constructed surfaces with combinations of three levels iotrease the contractor’'s marketability to large purchasers of con-
elevation (0, 30.5, and 61 cm high), and three levels of inclinatistiuction services . Initial development of the program enlisted the
(0, 14, and 26 degrees). The environmental lighting was varigdpalachian Construction Users Council, an organization of in-
between poor ( < 0.2 footcandles) and good ( > 40 footcandled)strial plants who regularly use construction services. With the
The subjects were fitted with lightweight wireless headphones tisaipport of the construction users, contractors eager to work on these
presented audible distraction in the form of pre-recorded constraites have enlisted as Fall-Safe Participants.
tion sound at a setting sufficiently loud to interfere with levels of
normal human conversation. The forces and moments exertedlhg Fall-Safe program incorporates a rigorous evaluation compo-
the subjects were recorded using a piezo-resistive force platfarant using comparisons of intervention and control groups of work-
and the data was analyzed to yield the movement of the centeersfand contractors. Baseline measurements and twice yearly mea-
pressure (CP) as a quantitative measure of postural sway. Stepstsements are compared prospectively between contractors in north-
regression analysis was used for identifying the significant interaarn and southern WV working for American Electric Power.
tions. Dependent variables included the measures of sway area
and sway length, with the age, height/weight ratio, and gender Measures include contractor, worker, supervisor attitude and knowl-
cluded as covariates. Mixed model analysis showed highly s&gige surveys, and an observational scoring system carried out on
nificant fixed factor effects for elevation (p < 0.001) and envirorsites determining use of appropriate fall prevention techniques. In
mental lighting (p < 0.001) for all three tasks for both sway aréfae longer run, the project will include sufficient power to compare
and length, with increasing sway area and length for increasWprkers’ Compensation claims for falls between intervention and
elevation and inclination The sway length increased significanttgntrol groups.
with increasing inclination for the Bending and Stationary tasks,
but was non-significant for the Reach task. Sway area increased
significantly (p < 0.05) with increasing inclination for all three task§ession 12: Injury Mechanism and Rehabilita-
The results are indicative of postural balance performance that ge-
teriorates with increase in elevation of the working surface as Weﬁ’
as the inclination of the surface. This introduces additional burden
and may be a major contributor to momentary loss of balance $&vere Repetitive Strain Injury-Focal Hand Dystonia: Central
sulting in falls. Environmental lighting was also found to be Meural Consequences Versus Local Tissue Injury NN
significant risk factor and introduced further burden on the pos-
tural stability of the worker. The experiment was performed und8epetitive strain injuries are reaching epidemic levels in the work-
laboratory conditions, with no workload and on firm support suplace despite increased ergonomic attention to the work site. It has
face with sufficient coefficient of friction. These risk factors mapeen hypothesized that repetitive strain injuries result in tissue
further jeopardize the postural stability of the worker at an elevat@dcrotrauma following the biomechanical stress of repetition. Re-
and/or inclined surface. Results from this study would be helpfegntly central neural consequences have been reported. The ques-
in identification of specific risk factors and their relative contribuiion is whether severe RSI-Focal hand dystonia results from severe
tion in postural imbalancement during dynamic task performangensory degradation of the hand representation on the somatosen-
on inclined and/or elevated surfaces. sory cortex or local tissue microtrauma including adhesions or in-
flammation. Owl monkeys were trained in a behavioral paradigm
of rapid active opening/ closing of the hand under conditions of
Fall Prevention in Construction by Organizational Intervention— high cognitive drive. This led to the development of motor prob-
Becker P lems which appeared to simulate focal hand dystonia. Severe deg-
radation of the hand on the somatosensory cortex was measured.
This paper will present the results of a research project to evaluaest mapping, the monkeys were taken to the anatomy lab for careful
an innovative organizational intervention to prevent falls in corissection of the flexor tendons and histological study of the ten-
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dons and the median nerves. The anatomical dissections of the flexanre found among the 5-minute walk, 50-foot walks, and timed up
tendons and the nerve were normal for all monkeys except #re go (r=.78-.96). Lumbar flexion angle correlated poorly with
monkey that developed the focal hand dystonia, most specificalypeated flexions (r=-.16). For the control group, the highest cor-
involving the fourth digit, in an unusually short period of time (Belation was between the timed up and go and the 50-foot walk
weeks). The cortical penetrations in area 3b showed large redep-67). Conclusions: Overall these measures had adequate reli-
tive fields and a high proportion of multiple receptive fields inability and validity. Averaging 2 trials for the repeated flexion and
volving D4 and adjacent digits, as well as multiple receptive field#-to-stand tests is recommended to increase reliability. The mea-
which overlapped the glabrous and dorsal surfaces. On the awes show good clinical utility as they are easy to perform, accept-
tomical dissection, the profundus tendon of D4 was adherent acraiste to all subjects, and require little equipment.
the middle phalanx. Interestingly, the same adhesion was seen on
D3 on the untrained side. There were no signs of inflammation of
tendons or the median nerve on any of the digits on either hand.
These studies suggests that severe RSI-focal hand dystonia Ergpnomics and Work Injury Management: 15 Years of Appli-
result from a degradation of the somatosensory representatiogaion in a Clinical Setting—Khalil TM, Steele-Rosomoff R,
the hand without local pathology. This suggests that treatméidel-Moty E, Rosomoff HL
needs to address the neural consequences of the disorder and not
just the biomechanical effects. The goal of rehabilitation of work injuries encompasses prevent-
ing disability through functional restoration and immediate return
to a productive lifestyle. Due to the complex nature of the prob-
Reliability, Validity, and Clinical Utility of a Battery of Physical lem, it has been well recognized that chronic pain management
Performance Tests for Patients with Low Back Pai®ison SL requires a multidisciplinary approach since no one physician or
therapist has the expertise or resources to manage this condition.
Low back pain is a wide spread and costly work-related probledme discipline that can contribute, significantly, to pain manage-
that leads to physical dysfunction. Clinical evaluations are baseént is Ergonomics. Ergonomics studies deal with safety, human
upon measures of impairment such as range of motion, streng#rformance analysis, work environment, and other studies of value
and pain. Physical performance measures have potential utilitytmthe rehabilitation process. Also, due to its nature as an interdis-
evaluation, treatment planning, and determination of treatmeiplinary science, it can offer solutions to many problems related
outcome, yet few measures have proven reliability and validity injury and its prevention. The Ergonomics Division of the Uni-
The purpose of this study is to determine the reliability, validityersity of Miami Comprehensive Pain and Rehabilitation Center
and clinical utility of eight physical performance measures. SufMiami Beach, Florida, USA) is an example where ergonomists
jects: A control group of 48 healthy subjects and a group of #brk daily with members of the multidisciplinary rehabilitation
subjects with current low back pain (LBP) participated in this studgam to solve problems in pain management and return to work
Procedure: The following physical performance tests were usexfues. Over the past 15 years, the Ergonomics Division has inte-
1) Ten repeated trunk flexions; 2) Five repeated sit-to-stands;gBated its activities and resources into the organization chart of the
Timed up and go; 4) Loaded forward reach (with load of 10% bo@enter to address many complex problem from both the engineer-
weight); 5) Unloaded forward reach; 6) Five-minute walk (distandeg and the medical perspectives. For the first time, this has pro-
measured); 7) Fifty-foot walk ( preferred and fast speeds); andv@)ed the scientific basis for the rationalization of many treatment
Sorensen fatigue test. The reach tests were measured in cm.apptioaches. Through applied research activities, dissemination of
the timed tests were measured in seconds. Lumbar flexion was akdaable information and data was possible and new untraditional
measured. The subjects repeated this battery of tests twice atseatment approaches and techniques were developed. In the area
sion at two separate sessions. The order of tests was randomifgatients care, ergonomics contributes to the determination of the
except for the Sorensen test, which was performed last. Two tesfenstional status of the low back pain patient through the establish-
were randomly selected from a group of six to assess each subjaent of profiles of functional abilities. This is done through a
Data Analysis: ICC Model One analyses were used to determbrattery of quantitative measurements that help establish a human
intertester, test-retest, and day-to-day reliability values. A two-wggrformance profile for each patient upon admission and through-
multivariate analysis of variance (group by gender) and follow-qut rehabilitation. The goal of treatment is, then, to condition the
univariate analyses were conducted on all variables to test validityured individual and to restore functional levels to the “normal”
Pearson correlation coefficients were calculated among the physipacities of healthy uninjured individuals. The performance pro-
cal performance measures to determine convergent and discriités are then compared to the physical demands dictated by the
nant validity. Results: Intertester reliability was above .95 for glb. The objective here is to determine intervention strategies for
variables across both groups. Test-retest reliability was above n88tching the physical capabilities of the individual to specific job
for all measures across both groups except repeated flexion, whégk. Ergonomics job analysis, job simulation, and job-site visits
was .7 for the control group and .45 for the LBP group. Day-tare used to prepare the injured worker to reenter the productive job
day reliability ranged from .46 to .76 for the control group and .5Barket and lead a normal life style. Ergonomics knowledge per-
to .88 for the LBP group. Day-to-day reliability values were higheéaining to workplace design and expert systems is used to help
when comparing the averages of 2 trials in the control and LpRBtients adjust their workplace in order to minimize potential stresses
groups, .62 - .89 and .76 - .91, respectively. The results of thee to poorly designed and/or improperly adjusted workplaces.
MANOVA showed a significant effect of group only (F=3.25Ergonomists also assist in the selection of jobs that match the
df=11,62; p=.002). Univariate analysis revealed significant groupeasured functional capabilities of the rehabilitated persons. This
differences on all variables except unloaded forward reach and p@per will outline the history, rationale, methods, and various in-
foot walk at preferred speed. In the LBP group, strong correlatiaesventions which have been developed and tested in our facility.
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Forearm Muscle Oxygenation Decreases During Low Levels oReferences
Brief, Isometric Contraction—Murthy G, Hargens AR, Kahan NJ, 1. Sjogaard et al. Eur J Appl Physiol 57:327-335, 1988
Bach JM, Rempel DM

2. Chance et al. Analyt Biochem 174:698-707, 1988
Introduction. Regional muscle pain syndromes can be caused by
repeated and sustained exertion of a specific muscle. Such eReBelardinelli et al. Eur J Appl Physiol 70:487-492, 1995.
tion may elevate local tissue fluid pressure, reduce blood flow and
tissue oxygenation (T} and cause fatigue, pain and function . . . .
deficits of the involved2 muscle. Low levels (less than 20% ma RESSION 13: Intervention Evaluation
mum voluntary contraction (MVC)) of prolonged static contrac- . . . , . L
tion of the upper extremity are common in many occupational sbf€Venting Drownings in Alaska’'s Commercial Fishing Indus-
tings and may cause fatigue (1). The purpose of our investigatiBi—Conway GA, Lincoln JM

was to determine whether TQecreases significantly at low levels

of static contraction of the extensor carpi radialis brevis (ECRBYtroduction. The Arctic and subarctic waters of Alaska provide a
very hazardous work setting, with great distances, seasonal dark-
Methods. Healthy male and female subjects (n=9) participated{psS: €0ld waters, high winds, brief fishing seasons, and icing.
the study after providing written informed consent. The protocgfaths have been inordinately common in Alaska’s commercial
was approved by the University Human Research Institutior{hﬁh'ng industry. Over 90% of these deaths have been due to drown-

Review Board. Each subject was seated, right arm was abdudi&d" drowning plus hypothermia, following vessel capsizings and
to 45°, elbow was flexed to 85°, right forearm was pronated 4§$pklngs. During 1991 through 1994, the U.S. Cqmmercne}l Fish-
and wrist and forearm were supported on an arm rest through'ggtvessel Safety Act of 1988 (USCFVSA) required the imple-

the protocol. Altered TDwas measured noninvasively using negpentation of comprehensive prevention measures for all fishing
infrared (NIR) spectroscopy (2). This technique has been véﬁa_ssels in offshore cold waters, including immersion suits, sur-

dated previously (3). The NIR probe was placed over the EC#E"al craft (Iifg raft§), EPIRBs and crew training in emergency re-
muscle and gently secured with an ace wrap. MVC was detdPOnse and first aid.

mined initially and the subject rested for an hour prior to subse- . . o
Piipose. To examine the effectiveness of the measures instituted

guent tests. After one minute of relaxed, baseline measuremen > h ’ . > )
four different loads (randomly ordered) were placed just proximdiider the USCFVSA in reducing the high occupational fatality
(200/100,000/year in 1991-1992) among Alaska’s commer-

to the metacarpalphalangeal joint such that subjects isometricafif !
contracted the ECRB at 5, 10, 15, and 50% of MVC for 1 minufé#! fishermen

each. A 3 minute recovery period followed each contraction level. . . .
At the end of the protocol, with the NIR probe still in place, a ethod. Comprehensive surveillance for commercial fishing oc-

ischemic TQwas obtained to establish a zero level for each supppational fatalities was established by our office during 1991 and
ject. NIR data were normalized to a relative scale between 22 in Alaska. Demographic, risk factor, and incident data for
physiologic minimum (0%) established during ischemia and tHe@21 through 1996 were compiled and analyzed for trend.

spectrophotometer output at baseline (100%). o . o
Findings. During 1991-1996, there was a significant (p=.002) de-
Results. After 35 and 40 seconds of contraction, fi@teaued at crease in Alaskan commercial fishing-related deaths, from 36 in

below baseline levels and remained at that level throughout &9691 to 35 in 1992, 22 in 1993,)' 11.in 1994 (artificial!y reduced
contraction period. Mean TQlecreased from resting baseliné“‘mber due to closure of crab fisheries that year), 18 in 1995, and

(100% TQ) to 89 + 4% (SE), 81 + 8%, 78 + 8%, and 47 + 8% at g4 in 1996. While man-overboard drownings and vessel-related
10, 15, and 50% MVC, respectively. J@vels at 10, 15, and events in crabbing (often conducted far offshore and in winter)
50% MVC were signifi,cantly lower (p < 0.05: RANOVA andh@ve continued to occur, marked progress (significant downward
Tukey's follow-up) than baseline values. Ji6covered to baseline trend, p<0.0002) has been made in saving lives of those involved

values within 3 minutes following contraction. in vessel-related events:

_ _ _ o .. _Year Vessels Persons Persons Case Fatality

Discussion. This study demonstrates a significant reduction jn TO Lost on Board Killed Rate*
even at sustained contraction levels as low as 10% MVC. Tissue

deoxygenation during prolonged isometric muscle contraction ma§91 39 93 25 27%
play an important role in the development of work-related musd892 44 113 26 23%
fatigue and pain. Static or dynamic contraction with inadequét893 24 83 14 17%
recovery time may sustain elevated intramuscular pressures, 2864 36 131 4 3%
reduce blood flow and TQand cause muscle fatigue and pairl995 26 106 11 10%
Although the duration of static contraction in our study was only1996 38 114 13 11%

minute, the observation that recovery to baselingtdGk between

30 seconds to 3 minutes indicates that a low contraction level et€ase Fatality Rate = (number killed/number at risk) x 100 per-
for a brief period is sufficient to reduce J€lgnificantly. There- cent

fore, sustained tissue hypoxemia associated with low levels of sus-

tained contraction may provide a mechanism to explain work-1t@enclusions. Specific measures tailored to prevent drowning in
lated muscle dysfunction. vessel capsizings and sinkings in Alaska’s commercial fishing in-
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dustry have been very successful so far. However, these evepictive trial among small firms employing unionized carpenters.
continue to occur, placing fishermen and rescue personnel at Stusenty-two small-to-medium sized carpenter contractors (with av-
stantial risk. Additional efforts must be made to reduce the frerage annual employment approximating 10 to 50 carpenters) in
guency of vessel events, enable similar progress in crabbing figte Boston, MA, Hartford, CT and Providence, RI areas were re-
eries, and to prevent man-overboard events and drownings asswaited into the treatment group. The control group consists of 50
ated with them. similar (in size and types of work) contractors in upstate New York.
The geographical separation should minimize contamination. The
. L ) . treatment group will implement, with UBCHSF help, a written
Methodologlcql Criteria for Evaluating the Effectiveness of Ac-\o41th and safety program. Using OSHA-required injury logs and
cident Prevention Programs-Shannon HS, Robson LS, Gu""s‘tellc?/vorkers’compensation data, this project seeks to demonstrate how
SJ the implementation of written health and safety programs by such

ite the | | f . | safetv li hi contractors can lead to a measurable reduction in the rate of occu-
Despite the large volume of occupational safety literature, whic Stional injuries. Implementing this intervention over a two-year

often descriptive or examines physical risk factors, accident p riod is expected to result in a reduction in OSHA-recordable in-

vention programs are often not evaluated. M.o're.-over, the qua Yies, lost workday injuries, and days lost from work due to inju-
of evaluations that do take place has been criticized. Commo s, and in reduced workers' compensation experience modifica-

occurring methodological weaknesses |.nclude:. not taking into #Gn rates. This project will also seek to demonstrate that the imple-
count length of exposure when calculating achent ratgs; .the tation of health and safety programs will result in measurable
of proxy measures for ou.tco.me measures, without yalldatlng té}?anges in workplace safety and health practices by participating
use of the proxy; not monlyorlng large workp!ace/. societal Chang@c?‘ntractors. Four “sentinel” safety and health practices are being
which could |nfluence accident rates, especially in the case ,Of H?éasured through direct observation in actual workplaces: use of
fore-after designs. There are, no doubt, many reasons for this Sé% protection, use of ground fault circuit interrupters, use of hear-

ation - among them is a lack of training in evaluation in those riﬂ_g protection, and fall protection. Contractor and worker inter-

sponsible for occupational safety within organizations. Yet rig%’eﬁvs are being used to gather information about the implementa-

ous assessme.nts of our efforts In promotlng safe.ty are essentlﬂb of the intervention, and particularly about the perceptions of
we are to avoid using limited human and financial resources Mse two groups regarding the degree of acceptance of the

ineffective (or even harmful) measures. intervention.The control group will be given an initial workplace

he followi d i ¢ hodoloaical criteri dvisitwith occupational safety and health advice (comparable to the
In the following, we describe a set of methodological criteria, tﬁé\seline visit for the treatment group) and the promise of help in

rlved in o.rder to ﬁssess .the.quallty IOf reported evalufatlons Off sa& iﬁtéialling health and safety programs in their companies at the end
interventions. These criteria can also serve as a reference for ﬂbcﬁﬁe two year period. Periodic measures of the sentinel practices

planning such evaluations. Identification of the criteria was ba ﬁl occur for both the control and treatment groups throughout the
on an examination of the safety, health promotion, program ev. s

. d h desian I ioh q riod, and the OSHA logs and experience modification rates col-
?éllgna?]? research design literatures. Eight areas were dee d before and after the period.Baseline information about work-
vant:

ers’ compensation experience modification rates, OSHA record-

ble injury rates, and occupational safety and health practices as

1. Program obj'ectlves.—e.g., Did the program objectives prov'a@presented by observation of the four “sentinel” practices will be
a measure against which outcomes could be compared? 2. EF

. 8 X ! 85ented for both the treatment and control groups. The next steps
gram design—e.g., Was experimental, quasi-experimental or n

: : o Pthe project will be outlined.
experimental design used? 3. Program participants—e.g., Was se-

lection bias considered? 4. Description of the safety
intervention(s)—e.g., Was exposure to additional societal/work-

place factors considered? 5. Measurement of program implemﬂnlvleta-Analysis of Long-Term Results for a Behavior-Based

tation—e.g., Was description/measures of compliance of ProgrffBihod to Reduce Workplace Injurieskrause TR, Sloat KCM,
recipients provided? 6. Measurement of program outcome—ege,ymour KJ

Were true outcome measures provided? 7. Analysis of results—

e.g., Was sample size/statistical power considered? 8. COnglzearch and applications of behavioral principles have established
sions—e.g., Were conclusions supported by the analysis?  ponavior-based safety initiatives as effective, proactive, and long-
o . . . .. term solutions to occupational health and safety challenges. This
Some of the criteria are applicable to field experimentation in 9&fy;, 4y, aqds to the existing literature a longitudinal evaluation of an
eral, but emphasis has been given to issues in the safety field. i,y hrevention process implemented in real-world industrial set-
tings where the behavioral causes of injury varied from one site to
Baseline Safety Measures in the First Year of the New Englanthe next. These highly individual initiatives shared 4 components:
Safety Project—Halperin K specification of critical behavior, observation/data collection, feed-
back, and problem-solving. Up to four years’ injury data from
In the fall of 1996 the United Brotherhood of Carpenters Healdlixty companies representing the chemical, petroleum, paper, lum-
and Safety Fund (UBCHSF), working with researchers from tiver, electronics, transportation, food, and other industries who
Johns Hopkins School of Public Health, was awarded a three yieaplemented this behavior-based safety process were examined.
grant from NIOSH in injury prevention among union carpentdrhe average reduction from baseline amounted to 29% after 1 year
contractors in New England. The aim of this project is to demaoof-observation and feedback, 46% from baseline after 2 years, 50%
strate that injuries to carpenters can be measurably reduced byafter 3 years, and 59% after 4 years. Results did not depend on
implementation of written health and safety programs by smathion status, industry, or baseline recordable rates and perceptions
construction contractors. The methodology is a controlled pmf-success within the organizations concurred with these findings.
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Preventing Accident Repetition—Developing Effective Multi-seen over a one year period. A patient was classified as injured if
Partner Teams for Reducing Workplace InjuriesGallie KA, their record contained an ED log injury code, an ICD-9 N-code
Jessup BA between 800 and 995 in any diagnostic field, an E-code, or an en-
try in the trauma registry. An injury was considered work-related
In Part one we provided background information on workers héfithe patient reported that the injury had occurred while at work.
ing experienced 20 or more workplace injuries reported to the Biltescriptive analysis of the data was performed.
ish Columbia, Canada Workers’ Compensation System (n =15,042;
X = 25.4 injuries/worker per working lifetime, range = 20 - 9Results. Work-related injuries accounted for 1539/12,321 (12.5%)
injuries; SD = 10.9). Our analyses showed that this group hadddrall injuries. The mean age of patients injured on the job was
increased chance of permanent disability and risk of fatality. The3®8 years (range, 16-77) compared to a mean age of 27.7 for all
workers reflected the “Tip of the Iceberg” and if effective proadnjured patients. Males accounted for 1026/1537 (67%) of the work-
tive measures were not quickly taken there would soon be a langgated injury visits compared to 57% of all injury visits. The most
number of workers facing similar workplace suffering. As examplepmmon mechanisms of work-related injuries were: overexertion
our records showed that an alarming number of workers expé€r813 or 20%); cut or pierced by sharp implements (248 or 16%);
enced at least 1 injury/year. falls (250 or 16%); struck by object (202 or 13%) and transporta-
tion-related injuries (71 or 5%). Sprains and strains were the most
Given the need to intervene with workers most likely to benefiommon type of injury sustained (415 or 27%), followed by wounds
from our interventions we widened our selection criteria to include upper limbs (283 or 18%), contusions (182 or 12%), and frac-
those workers with at least 5 injuries/5 years. This latter grotpes (151 or 10%). Of the 1,539 patients presenting with occupa-
represents 80% of our intervention group. tional injuries, 178 (12%) presented to the ED via EMS. 1,401 (91
%) were treated and released from the ED and 136 (9%) were hos-
Communication with our occupational health and safety stakehopdtalized. The mechanisms of injury that most commonly resulted
ers including employer, worker, union/shop stewards, health anchospitalization included struck by an object (28 or 21%), trans-
safety committees as well as in-house personnel (i.e., prevengontation (26 or 19%), falls (27 or 20%), crushing mechanism (13
officers, adjudicators) shaped development of the three injury oe-10%), and machinery (20 or 15%). Of those requiring hospital-
duction interventions we developed. These interventions wezation, 132/136 (97)% were male and the average length of stay
guided by two main goals: To show stakeholders the win-winswés 4.4 days. Four of the hospitalized persons died of their work-
adopting Health and Safety as their common goal and the role eaathted injuries. Known medical charges incurred by patients in-
could take (i.e., employer and disability/case management etc.) amdd at work were as high as $62,622. The average charge for
focus their efforts on preventing accidents before they happendldose treated and released was $273 dollars; the average charge for
those who required hospitalization was $10,910.
Three main interventions were developed. The first was a person-
alized letter from our President/CEO requesting all BC employeZenclusions. Occupational injuries contribute significantly to the
and workers with 20+ or 5 injuries/5 years to join in a partnershigerall incidence of injuries seen in our emergency department and
with WCB in bringing down the number of workplace injuries andre responsible for tremendous medical charges each year.
provided guidelines on how this could be done. The second inter-
vention consisted of a Preventing Accident Repetition Workshop
offered to workers currently away from their job due to a workVork-Related Visits to Emergency Departments in the United
place injury. This one day workshop included information on tHsiates, 1995-Stussman B
causes of workplace accidents and how to prevent them, proper
body mechanics and work simplification, stress and coping strateiroduction. It is well known that a significant portion of health
gies, as well as a personal injury profile analysis and commitmeate utilization occurs for occupational injuries. Care is sought in
towards safety . There was an overall psychosocial focus witivariety of settings including physician offices, clinics, employer
coverage on the legal responsibilities towards Occupational Hedlgialth units, and emergency departments (EDs). An injury result-
and Safety. The third intervention comprised meetings with eing in a visit to the emergency department may be more severe
ployers and their health and safety/union representatives whiét@n one ending up in another setting. This paper examines vari-
WCB representatives presented a Health and Safety analysi®os aspects of emergency department visits resulting from work-
that workplace including their injury profile (i.e., type and mode otlated injuries. An estimated 96.5 million visits were made to
injury, body region, occupation group, cost and lost person houlgspital emergency departments in 1995. Of these, 4.8 million
as well as suggestions/guidance on establishing/maintaining arvisfits were work-related. This paper examines the extent of ED
fective and comprehensive occupational safety program. Resutiization for injuries that occur while working. Data are presented

of each intervention and conclusions will be discussed. on the most frequent causes of injury, the types of injury, diagnos-
tic services and procedures, and demographic characteristics of the

Session 14: Surveillance of Emergency Depart-Patent

ment and Hospitalized Injury Purpose. To describe work-related visits to emergency departments
in the U.S.

Work-related Injury in a Rural Emergency Department (ED)

Population—Williams JM, Furbee P, Dirk S, Higgins D, PrescotMethod. The data presented were collected from the 1995 National

J Hospital Ambulatory Medical Care Survey (NHAMCS). The
NHAMCS is a national probability survey of visits to emergency

Methods. An emergency department-based injury surveillance syad outpatient departments of non-Federal, short-stay and general

tem (EDBISS) was used to collect injury data on all ED patiertisspitals in the U.S. Sample data were weighted to produce na-
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tional estimates. In 1995, there were 391 emergency departm&iithin broad injury types, work injuries may be common for some
that provided data for the survey. Hospital staff were askeddjpecific etiologies and not others. For example, falls are the most
complete Patient Record forms for a systematic random samplea@imon hospitalized injury, comprising 9% of work injuries and
patient visits occurring during a randomly assigned 4-week repd% of nonwork injuries. However, some specific types of falls are
ing period. The number of Patient Record forms completed fmuch more likely to be work related. Examples are falls from scaf-
EDs was 21,911, of which 1,058 were work-related. Work-relatémlds (56% work related), ladders (23%), buildings (18%), and to a
visits were defined as visits for injuries that occurred while thewer level (17%). In contrast, there are very few work related falls
patient was engaged in work-related activity on or off thfeom wheelchairs (3%) or playground equipment (2%).
employer’s premises. Data were collected on up to three external
causes of injury, up to three physician’s diagnoses, procedures ptospital discharge data have several strengths for work injury sur-
vided, and diagnostic and screening services ordered or providesillance: (1) one can document serious nonfatal work injuries in a
number of states using a passive, uniform system, (2) for severe,
Findings. Of the 37.2 million ED visits that were for injury, nearlyonfatal injuries, hospital discharge data are likely to be highly
13 percent were related to work (4.8 million). One-fifth of injuryspecific and sensitive, (3) differences between work and nonwork
related ED visits for persons 18-64 years were related to woirkuries can be examined, and (4) some specific types of injuries
Open wound of finger was the leading diagnosis for work-relatade so often work related (e.g., scaffold falls) as to be useful senti-
ED visits. About seventy percent of visits were made by malesls for work injury problems.
(73.8 percent). The leading external cause of injury for work-re-
lated ED visits was overexertion and strenuous movements. Wottdaknesses of hospital discharge data for work injury surveillance:
care was provided at 33.7 percent of work-related visits, and 810 injury event narratives are not computerized or even central-
percent had orthopedic care provided . Some form of imaging vized, (2) unlike the ANSI Z16 system, E-codes are not designed
performed or ordered for 64 percent of visits, with extremity X-ragpecifically to document work injuries, and (3) industry and occu-
being the most frequent (29.0 percent). Three-quarters of woplation is not available, precluding the development of rates spe-
related ED visits had worker's compensation as an expected souwitie for risk.
of insurance. The work relationship was unknown for a quarter of
injury-related ED visits. Conclusion: hospital discharge data offer a useful, easy way to
document severe work injuries, contrast them with nonwork inju-
Conclusions. The average total cost for an emergency departmiad, and locate sentinel injuries. Hospital discharge data lack de-
visit has been found to be $209, totaling a billion dollars annuatlgil on work injury circumstances, occupation, and industry and
for work-related visits. Work-related visits comprise a small btiterefore cannot replace analyses based on existing systems such
significant portion of the health care provided in emergency das physicians reports, absences from work, or workers compensa-
partments. It has been estimated that 30% of injuries to the hatials claims.
and feet could possibly be prevented by the wearing of appropriate
personal protective gear in the workplace. Since open wound to
finger and contusion of lower limb were the top two diagnoses for
Work-_related eme_rgency_department vis_its i_n 199.5’ determining.@écupational Injury Surveillance Using the Alaska Trauma Reg-
propriate preventive action may result in financial savings for in-
iIstry—Husberg B, Conway G
dustry and health care systems.

Introduction. From 1980 to 1989 Alaska had the highest rate of

any state for occupational fatalities, 34.8 deaths per 100,000 work-
Surveillance of Work Injuries Using Hospital Discharge Data— ers per year, five times higher than the U.S. average of 7.0 deaths
Trent RB per 100,000 workers per year. The majority of the occupational

fatalities occurred in the fishing, logging, and aviation industries.
In a growing number of states, records of hospital stays, hospitake Alaska Trauma Registry (ATR) provides a population-based
discharge files, are coded for cause of injury with one or more el for occupational injury surveillance for moderate to severe
codes from the International Classification of Diseases, Ninth Edijuries. Each hospital in Alaska participates in contributing data
tion. Discharge records also include information on the patietd,the ATR.
treatment, outcome, and charges. When the payer is coded as work-
ers compesantion the condition can be considered work-related/@shods. To be included in the ATR, patients either have to be
determined by the clinicians assessment of the patient’s histagimitted to a hospital, transferred from an Emergency Department
Using 1995 discharges from California s 587 acute care hospit§zD) to a facility with a higher level of care, or declared dead in the
we identified nonfatally injured patients age 16-64 where the exespital's ED. Data for the ATR is collected retrospectively from
pected payer was workers compensation (N=7,622, or 6%) anddical record charts and the information is sent to the Alaska
other payers (N=111,081, or 94%). We compared work versDepartment of Health and Social Services, Division of Public
nonwork patients and found that work injuries are distinct fromealth, Section of Community Health and Emergency Medical
nonwork injuries. Work injuries were 6 in 10 of all machine injuServices to be compiled into the ATR. Data fields related to occu-
ries, 5 in 10 of electrical injuries, and about 2 of 10 injuries due pational injury surveillance go through additional cleaning and
explosions, struck bys, and fire/flames. We confirmed this pattetoding by personnel at the National Institute for Occupational Safety
when we looked at fatal work injuries (using modified NTOF mettand Health, Division of Safety Research, Alaska Field Station.
ods) and found that work injuries comprised the majority of injilGause of the injury can be examined via the ICD-9-CM “E-Code”
ries due to machines, explosions, electricity, and struck bys. and the injury description narrative.
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Results. Currently the ATR has information for 20,842 cases frdollowing a process change that was made to solve a specific injury
January 1991 through December 1995; 2,421 (12%) of these imjteblem; an effective use of injury cost data to facilitate a product
ries were classified as occupational injuries. There are 40 fatalitikesign change; and, a rapid evaluation of a work-hardening pro-
among the occupational injuries (1.7%). Commercial fishing, cogram which prevented its company-wide implementation.
struction, and logging led the industry categories for number of
occupational injuries. The most common causes of injuries in the
fishing industry were caused by machinery onboard vessel (73tal and Non-Fatal Incidents Associated with Forklifts and
fall between levels (38), and cuts (13). There are a wide varietyQther Powered Industrial Vehicle IncidentsGollins JW, Baker
machines used on fishing vessels: a hydraulic lifting platform kno&#, Smith GS, Kisner SM, Landen DD, Warner M, Johnston, JJ
as a crab pot launcher was the most common machine mentioned
in causing injury. In the construction industry, different types dihis research examines the circumstances of work-related injuries
falls lead all causes with falls from or out of building or other struend fatalities involving powered industrial vehicles (PIVs), which
ture (64), fall on or from ladder (43), and fall on or from scaffoldnclude forklifts or other mobile power-driven vehicles used to carry,
ing (36). The top three causes in the logging industry were befigsh, pull, lift, or stack material. Descriptive analyses were con-
struck by an object (94), falls (33), and machinery (28). ducted on 946 PIV-related fatalities in the National Traumatic Oc-
cupational Fatality (NTOF) surveillance system from 1980 through
Conclusions. The main causes of occupational fatalities in Alask¥93 and 916 incidents in 54 U.S. automobile manufacturing plants
have been drowning (primarily in commercial fishermen) arftiom July 1989 to June 1992. The NTOF surveillance system pro-
trauma related to aircraft crashes. With the emphasis of the ATiRes data from death certificates from the 50 states, the District of
primarily on non-fatal injuries, we have identified further areas &olumbia, and New York City. Death Certificates are collected
study for crab fishing injuries, falls in construction, and loggingor persons 16 years of age and older who died of external causes
related injuries in Alaska. As it is population-based, ATR data cand for whom the certifier indicated that the fatality was associated
be used to calculate injury incidence rates. The use of ratesvith an injury while on the job. The automotive surveillance sys-
injury surveillance will make the ATR data useful for industries tm is run jointly by the medical and safety departments in the
prioritize areas for injury prevention. plant and includes information on employee characteristics, char-
acteristics of the workplace and injury-producing event, and de-
scription of the injury.
Session 15: Occupational Injuries in Automo-
bile Manufacturing The three most common types of fatal incidents in the NTOF data-
base involved PIV overturns (22%), pedestrian struck by PIV (20%),
and decedent crushed by forklift (17%). The highest frequency of
fatalities by industry division occurred in manufacturing (33%),
transportation, communication and public utilities (16%), and con-
struction (14%). The highest fatality rate by industry occurred in

During the past five years, the authors have directed an eﬁorwholesaletrade, mining, and agriculture/forestry/fishery. The high-

. . . ) tetscf forklift-related fatality rates by occupation occurred to laborers
design a near real-time data analysis system for occupational iy fransport operators

ries in the North American locations of a major automobile manu-

facturer. The major obstacle for the project was obtaining CONCaRe 916 PIV-related incidents in the automotive surveillance sys-

.tu.a.l support from certa}m areas within the company that did N Fn resulted in 913 injuries and three fatalities. Of the 913 injury
initially accept the premise that such a data system was really nee

. o S incidents, 41% (372 of 913) of the injuries resulted in an employee
in order to reduce INJures. Th.ls initial lack of s.L.Jpport.V\./as pas ssing work. The 372 lost workday incidents resulted in a total
(cj)n a fugdtamentfl mlsclztgnceptlor) about :hef llmhty of |njufry ;nc.'df 22,730 lost workdays, an average of 61 days away from work

ence data in the real-time environment of farge manutacturiggy |, workday incident. The three most common types of injury
plants. The rationale of this misconception is best illustrated

the followi tat t “You don't d histicated dat idents in the automotive manufacturing surveillance system in-
€ following statement. ‘You dont need a sophisticated data syzy, o 4 pedestrians being struck by PIVs (n=35%), PIV collisions

tem to reduce injuries. You go out on the shop floor, look at tQ/erth fixed objects/other PIVs (n=16%), and mounting/dismount-

Jobs, make a list of the “bad” jobs, and then fix them.” Howevelhg PIVs (15%). Recommendations are presented with regard to

|r: a plant wnf;i 3£goo t0.|5,kC))IOO Workgrst, tfhetrr:umbirhof fbad tJ.Ok? e factory environment, vehicle safety features, and driver and
aways exceg .S eaval .a ecalpam.ty ofixthem. erg o.r.e’ im destrian training for reducing the risk of powered industrial ve-
plant-based injury surveillance is critical to correctly prioritize th icle incidents

redesign of jobs that can or do cause injuries. Injury surveillance

must include not only data about rates and types of injuries, but

also cost information for all occupational injuries regardless The Incidence of Injuries Involving Robots in a Large Manufac-

OSHA recordability. In addition, surveillance must continue afténring Company—Pastula S, Howe J, Smitt R, Reeve G

the “bad” job has been redesigned in order to determine: whether

the changes have decreased the injuries of initial concern; and,Riidbots are in wide-spread use in the automotive manufacturing

not result in a subsequent increase in injuries of a different typenvironment. Robots work side by side with people in the plants,
and the robots are programmed and repaired by these same work-

Several examples which illustrate the need for timely injury sugrs. In recent years, there has been a growing discussion of the

veillance data in the manufacturing environment will be present@assibility to change safety standards for robots. This discussion

These examples include: the occurrence of a new set of injuti@s been driven in large part by a presumable absence of reports of

Using Injury Surveillance and Workers’ Compensation Data to
Facilitate Injury Prevention Activities—Pastula S, Reeve G
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severe injuries associated with robots. The purpose of this stiigvalences and odds ratios of pain by the site of musculoskeletal
was to identify robot-related injury cases among workers in a heaystem were 71.1% and 10.31 in the hand, 59.7% and 5.41 in the
manufacturing environment. In addition, the actual or potentiatist, 53.0% and 3.65 in the elbow, 50.3% and 2.47 in the shoul-
severity was evaluated for each case. der, 39.6% and 2.66 in the low back, 33.6% and 2.21 in the neck.
Association between hand-arm vibration exposure and musculosk-
The Ford Motor Company maintains an Occupational Health aekktal disorders of occupational origin was observed. Symptom
Safety (OHS) System, which captures all work-related injuries sgemrevalences and odds ratios of vascular and sensorineural com-
at the 55 plant medical departments in the U.S. There is alspoaent were 51.0% and 5.24, 77.9% and 10.83 respectively.
reporting tool that allows near real-time surveillance of these injissociation between hand-arm vibration exposure and vascular
ries at the plant. At the time the study was conducted, the datalzaseponent, sensorineural component was observed.
contained 390, 518 First-Time Occupational Visits (FTOVs) for
the period June 1993 through August 1996. Of these, 200, 98Bration perception threshold in right and left hand of the impact
(51%) were OSHA-recordable. Text searches of the patient stateench workers by the frequency were higher than the controls.
ment of the incident were determined to be the most accurate Wwagrease of vibration perception threshold in 125, 250Hz was higher
to capture injuries involving robots. The first search of the datidran any other frequency and this phenomenon was obvious for
base for any visit with the word “Robot” embedded in the texight hand highly exposed to hand-arm vibration. In the right
identified 695 injuries, 44% of which were OSHA recordable, arfthnd, the trend of increase in vibration perception threshold by
53 cases had days away from work. A manual review of thabe frequency was observed by the increasing of sensorineural
cases to determine the validity of these injuries as involving robstage but this phenomenon was not observed in vascular stage.
found that a majority of the employees injured were doing manu@drrelation coefficient between lifetime vibration dose and vibra-
work normally performed by the robot; working on the robot dion perception threshold by the frequency was high in all fre-
equipment related to the robot; or, working adjacent to the robauency and according to correlation coefficient, 63Hz was 0.68,
250Hz was 0.64, 125 was 0.62. Four hour equal energy accel-
Nineteen injuries actually involved being struck by the robot eration, dominant acceleration and total tool operating time were
pinched by robot tooling. These workers could have easily beeighly correlated with vibration perception threshold of 63Hz,
crushed or hit hard enough to cause severe or fatal injuries. THg8BHz, 250Hz. According to increase of lifetime vibration dose,
were a significantly higher number of cases involving injuries fmrevalences of pain in hand, wrist, elbow, shoulder were increas-
the eye. These were primarily due to foreign bodies in the dgg and symptom prevalences in stage of vascular and sensorineu-
caused by welding robots throwing sparks. Many of the emplawl component were also increasing.
ees reported wearing safety glasses when their eye was injured.
Lifetime vibration dose will be useful index for the musculoskel-
While the incidence of robot-related injuries is low, the potentiatal disorders of occupational origin of hand, wrist, elbow, shoul-
injury severity of each of these incidents is troubling. In several@ér and the vascular and sensorineural component. Vibration
these cases had the robot rotated or extended another coupleerdeption threshold by the frequency was increasing by the
degrees, the worker could have been killed. Under slightly difféncreasing of lifetime vibration dose. Lifetime vibration dose will
ent circumstances the incidents with foreign bodies in the eyss useful to expect vibration perception threshold by the fre-
(sparks) could have caused permanent blindness. The findinggudncy and to establish preventive measures to vascular and
this study do not support a relaxation of current robot safety staensorineural disorder deterioration. 63Hz, 125Hz, 250Hz will be
dards. effective frequency in measuring and following vibration percep-
tion threshold among workers using impact wrench in automo-

bile assembly lines.
Relationship between Hand-Arm Vibration Exposure and Hand-

Arm Vibration Disorders among Workers Using Impact Wrench
in Automobile Assembly LinesJdeung J-Y, Lee J-Y Posters

This study is conducted to clarify the relationship between haffgategory: Adolescent Injury

arm vibration exposure and hand-arm vibration disorders among

workers using impact wrench in automobile assembly lines.  Evaluation of Occupational Diseases and Injuries Among Teen-
age Workers in West Virginia-Simoyi P, Islam S, Haque A,

Hand-arm vibration exposure was assessed using ISO/Di&atman A

5349. Musculoskeletal disorders of occupational origins were as-

sessed by the pain of hand, wrist, elbow, shoulder and low bagkork related injuries and diseases among teenage workers were

neck. Hand-arm disorders of vascular and sensorineural comgpgaluated using claim databases from West Virginia Workers Com-

nentwere assessed using Stockholm Workshop hand-arm vipensation Bureau. All young workers who were injured between

tion syndrome classification system. The change of sensorineunally 1, 1995 to June 30, 1996 and submitted a claim, were included

component was assessed using vibration perception thresholthahis. Data abstracted from various tables of the compensation

8, 16, 31.5, 63, 125, 250, 500Hz. databases included demographic variables such as age, gender,
occupation, industry of employment and county of the accident.

Dominant acceleration and impulsiveness were 4.42f/sed The injury information included cause of accidents, the nature of

71.12m/sec2 respectively and dominant frequency was 369.19&kzcidents, and the body parts injured. In addition, data on claim

Daily exposure time and year of working were 0.79 hours and 2 &@tus, number of days paid for lost time and total amounts paid for

years respectively. lost time were also obtained. There were 2869 claims submitted
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by the young workers of which 776 (27%) occurred during thedolescent Work-Related Fatalities—Kentucky 1994-1995—
months of July and August indicating peak incidents during sutdoon E, Scheerer A, Struttmann T
mer period. Most of the teenagers (41%) were employed in non-
classifiable establishments followed by food service industry (279%8)dolescents constitute a special population of the work force. Four
Thirty-one percent of the young workers were classified as labadolescent fatality cases extracted from data collected by the Oc-
ers, 8.5% as food services workers, 6.3% as cooks, and 4.8%ugmational Injury Prevention Program of the Kentucky Injury Pre-
nurse aids. Most frequently reported types of injuries were spraimsntion and Research Center will be presented as case studies of
(28%) and lacerations (26%). Twenty seven percent of the teenadelescent work-related fatalities. For inclusion, cases must meet
workers cited contact with unclassified surfaces, 5% cited the uke following criteria: (1) Victims were less than 18 years of age;
of hand tools and another 5% cited animal bites as the caus€2dfincidents occurred in Kentucky; (3) victims were residents of
injury or the contact material/ equipment in use when the accid&@ntucky; (4) incidents occurred in 1994 or 1995; and (5) inci-
occurred. Twenty percent of all accidents involved injuries to tlkents occurred during the performance of productive work, either
fingers and 14% involved injury to the back. Forty percent (1148dlunteer or for remuneration. Cases to be presented are: (1) A 15-
of the claimants received payments for lost time and the overgdlar-old boy working in a tobacco field, killed when his tractor
mean cost was $3983 (SD=$7264). Of those who received cdorned over; (2) a 16-year-old boy delivering newspapers, who died
pensation for lost time, temporary total disability (TTD) accountexf head injuries received in a motor vehicle crash; (3) a 14-year-
for 81% and permanent partial disability (PPD) accounted for 158ld boy who was assisting a logger, crushed by a falling tree; and
of the awards. Permanent disability is a clear issue in this juver{d#® a 17-year-old boy installing exhaust fans in a church, who was
workforce. Data will be further analyzed to identify specific jolelectrocuted.
categories at greater risk and geographic patterns of injury distri-
bution among the young workers. In addition, comparisons wilisk factors identified include lack of experience; lack of training
be made with adult workers to identify specific risk factors fdor task as well as occupational safety and health training; lack of
injuries in teenage workers. supervision; inappropriate size/strength for performing task; ado-
lescent maturity/judgment level; fatigue; and time constraints.
Recommendations for prevention are suggested, including task re-
Comparing Adolescent Occupational Injuries to Adult Occupa-striction; equipment modification; required use of personal protec-

tional Injuries: Four Years' Experience of Emergency Depart- tive equipment or systems; job training; and supervision.
ment Visits—Marshall SW, Dufort VM, Kotch JB, Waller AE,

Langley JD

Objective. This study compares occupational injuries among a(%-ategory' AngCU|tUI’e
lescents (ages 15-19) to occupational injuries among adults (20
years and older), presenting at a hospital emergency department,
for 1990-93 inclusive. Fatal Injuries in lowa Related to Loading Equipmentdehnston
W, Rautiainen R
Method. A new patient management database was used to identify
work-related injuries, as well as information such as injury cau8esignificant portion (14 out of 156, or 9%) of lowa FACE fatali-
and type, injury site, age, and sex. ties during 1995-1997 have been related to loading equipment: front-
end loaders on tractors, skid-steer loaders, or front forks on these
Results. There were 1,361 work-related injuries among adolescenghines. Causes of injury include loader buckets falling on per-
and 11,002 work-related injuries among adults treated at the ensans working under them, workers getting crushed between a sta-
gency department over the four years of the study. The injury réitaary object and the loader, materials falling from the loader, and
per 200,000 hours worked (100 full-time equivalents) among adoaders overturning due to a high center of gravity while lifting or
lescents (13.8/200,000 hours) was more than double the rate ammooging loads. Construction and agricultural loading safety needs
adults (6.3/200,000 hours). Adolescent males had a rate of 2fpécific attention due to the large number of serious injuries. The
injuries, and females 5.8 injuries, per 200,000 hours. Adult malesva FACE program has produced materials to address these haz-
had an injury rate of 8.5 injuries, and females 2.6. Comparing Brds and continues efforts to reduce loading injuries. Following
jury rates between adolescents and adults, adolescents had renaaekbrief summaries of four representative case investigations:
ably higher injury rates for upper extremities (7.8 vs 2.7 per 200,000
hours), head injuries (3.2 vs 1.7 per 200,000 hours) and lower A&x37-year-old farmer was trying to clean the operating pedals of a
tremity injuries (2.2 vs 1.2 per 200,000 hours). Upper trunk injskid-steer loader, which were frozen with manure, snow, and ice.
ries and systemic and special injuries are similar between the td®was working in a cold, small garage with a low ceiling, which
groups. While overall injuries occur more frequently among malpsevented using the machine’s lift arm locks. The bucket was stuck
than females in both age groups, the disparity is slightly less amamthe 3/4-raised position. The victim had disabled the seatbelt safety
adult workers. interlock and the bucket came down on him when he loosened the
pedals and hydraulic linkages with a crowbar.
Conclusion. These findings point to the different risks and needs
for prevention and treatment of occupational injury among adolé&etim was a 75 -year-old farmer working alone loading manure
cents compared to adults. This study also demonstrates how a wéth an older narrow-front tractor equipped with a front-end loader.
planned data collection system can overcome some of the préVirking in a sloped barn yard, he was moving in a reverse turn
ously described difficulties of getting prevention-oriented infowith the bucket raised, and full of manure. The tractor was tilted to
mation from emergency departments. the side and to the front, increasing its instability, and it tipped
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over during while turning. It rolled completely over crushing anBesults and conclusions will be formulated when surveys are re-

killing the farmer. viewed. After this review we will determine the best avenue to
pursue to reduce ATV injuries and fatalities in agriculture. We

A 61-year-old farmer and retired maintenance worker was in ptmegan distributing surveys in late May, 1997, and will continue

cess of cutting trees and moving logs. Victim was using a backhbeugh the summer of 1997.

with front-end loader to position a cut tree onto a wood pile, using

the bucket to pick up a large tree with many limbs intact. The trAéso available at the poster will be copies of the ATV Survey and

rolled off the bucket and a branch hit the farmer in the face asafety flyers we developed and disseminated on ATV fatalities and

neck. He was found pinned in the tractor seat. CPR was ineffether agriculture fatalities.

tive.

A 51-year-old farmer’s wife was helping her husband and son céfecupational Injury in Migrant Hispanic Farm-Worker Fami-
—McCurdy SA, Beaumont JJ, Wilson BW, Henderson J,

struct a new house on their farm. She and her son were standffj .
between the tractor loader bucket and the house foundation haignuels SJ, Schenker MB, Morrin L, Carroll D

ing down drainage tiling while the son filled in with gravel from . . .
the bucket. When the husband raised the front-end bucket to du#Agkground. Injury represents an important health and economic
the load, they became pinned to the foundation. The farmer J@PIEM in the agricultural industry. Although an important body
pects brake failure, however our investigation shows other signfii-résearch has accumulated for injury among farmers and agricul-

cant factors in loader geometry. The farmwife died of a rupturlig@! workers in other areas of the U.S., few data are available for
aorta. migrant farm workers. There are approximately 3 million migrant

and seasonal farm workers and dependents in the U.S., and esti-

The 14 cases involve several recurring hazards which we will figtes of the population in California range from 600,000 to 1.2
cuss: changes in center of gravity with loader position, type pjllion.  Farm workers tend to belong to ethnic and linguistic

machine, and nature of work; dangers of moving or working und8norities. The predominant ethnic group is Hispanic, and in Cali-
hydraulically-controlled buckets or forks; improper use of skidomia this group constitutes approximately 90% of migrant and

steer loaders; front-end loader use in tight spaces; and dangers figfFonal farm workers.

lifting loads over-capacity.
g pacty Farm workers may be at increased risk for injury because they are

most immediately involved in production tasks. Hazards include
animals, machinery, chemicals, and dangerous environmental con-
ATV Injuries and Fatalities in Agriculture in Nebraska-Hetzler ditions. Contributing factors in this population include low educa-
B tional status, poor English and literacy skills, and inadequate un-
derstanding of existing reporting and support structures such as
Problem Statement. In Nebraska we had five agriculture relad@rkers’ Compensation. Finally, agriculture is unusual among
All Terrain Vehicle (ATV) fatalities in 1996. Four of these weréndustries in that law and custom allow family labor, putting chil-
on-the-job (all adults) and one was recreational (nine-year-oldyen at risk for farm-related injuries.
With four (8%) of the 48 occupational fatalities in Nebraska in
1996 being ATV fatalities, this was cause for concern. Methods. We are conducting a prospective cohort study of occu-
pational injury among 500 Northern California migrant Hispanic
Method. | have collected data on the fatalities and received adarm worker families comprising approximately 1000 adults and
dent reports on all ATV accidents reported to the Department@I0 children. The study addresses specific hypotheses regarding
Roads for 1996 (28 reports). An ATV survey has been preparedamediable risk factors for injury. These include organophosphate
send to different groups throughout the state. The director of fiesticide exposure, piece-work vs. hourly pay, language appropri-
4-H Program for Nebraska is distributing a sample of 2,500 s@ate safety training, and the role of multiple employment. Subjects
veys to 4-H clubs throughout the state. The survey will also li¢e in local government-supported migrant housing centers. The
completed by youths attending approximately 25 summer agricpppulation is overwhelmingly Hispanic and Spanish-speaking.
ture camps sponsored by the Nebraska Department of Health. Sarticipants complete an interviewer-administered work-and-health
veys will also be available at booths at County Fairs and speclgEstionnaire at the beginning of the harvest season (April-May
agriculture events such as tractor training for youths. The Nebra3R@7) and a baseline acetylcholinesterase test. Subjects are con-
Cattleman’s Association has also agreed to publish the surveyaeted approximately every 4-6 weeks through the remaining har-
their magazine (circulation 9,500). A 1-800 number is includest season to determine work exposures and injury experience. In
with the magazine version of the survey. September and October 1997, a final interview is conducted, and
subjects provide an end-of-season acetylcholinesterase test.
This survey covers how ATV’s are used; age and gender of opera-
tor; size of ATV; type of ATV (3-wheel, 4-wheel or other) protecResults. At this writing, we have completed initial interviews on
tive gear worn; operating environment (paved/unpaved surfacél;/ adults, yielding a participation rate over 85%. Of these, 52
and accident experience (to include if accident resulted in: restrict@d3%) reported qualifying injuries within the preceding year.
work activity, medical attention required or loss of consciousnesdmong 575 children, 19 (3.3%) reported a qualifying injury within
Also information about a free ATV Rider Course, provided ndhe preceding year. Further information will be available and pre-
tionwide, is being included with the survey. sented at the symposium.
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The Populations of Those Injured on Family Farms in Central was designed to sample all 50 states by the end of the 3-year pe-
Wisconsin—Stueland DT, Lee B, Gunderson P, Wittman L, Laydeod.
PM, Nordstrom DL

Preliminary data from the 1993 TISF survey of 20 states indicated
Farming is one of the most hazardous of all occupations. F#vwat eye injuries represented 6.7% of all agricultural injuries re-
studies have been able to evaluate the incidence and risk factorpéoted in the survey. From the 33 reported eye injuries, it was
farm residents. estimated that a total of 13,512 eye injuries occurred on U.S. farms
and ranches in 1993.
The Marshfield Epidemiologic Study Area (MESA) offers an unique
opportunity to do a population-based case-control study of adfier all lost-time injuries in the TISF, males accounted for 90.3%
cultural injuries. MESA contains a population of 49,186 of whowf estimated cases, and for eye injuries males represented even a
4,828 are farm residents. Active agricultural surveillance contilarger percentage (98.3%). The greatest distribution (46.8%) of the
ues in this population. During a two year period, cases were idege injuries occurred in workers 20-29 years of age, but no eye
tified for a case-control study. injuries were reported for those under 20 years. The majority of the
injured were non-Hispanic whites (66.6%) or Hispanics (29.7%).
Overall, there were 472 injuries of which 183 (38.8%) occurred lothe TISF survey, 63% of all lost-time injuries occurred to family
nonfarm MESA residents. For farm residents, numbers of injuri@srkers (operators, partners and their families) compared to 37%
and injury rates per 1,000 person years, with 95% confidence lifor hired workers. However, 60.7% of eye injuries were reported
its, were calculated. There were 207 injuries to adults, age 18dphired workers. Sixty-five percent of eye injuries occurred dur-
64, with a rate of 37.6 (32.8, 43.1). Children, age less than & the summer months (May-August). All of the reported eye
suffered 58 injuries with a rate of 17.7 (13.6, 22.8) while elderlinjuries required medical attention but none resulted in permanent
age 65 and over, had 27 injuries for a rate of 31.1 (21.3, 45dixability.
Adult males (N=191) had a rate of 55.7 (48.1, 64.2). The injured
included 28 persons with previously identified learning disordefe distribution of total eye injuries by the activity when the injury
of whom 14 (50%) were farm residents. occurred was as follows: farm maintenance (17.8%), machine main-
tenance (16.7%), handling livestock (14.5%), handling or storing
Residents of dairy farms had an injury rate of 35.2 (30.4, 408pps (11.1%), or field work (10.0%). The object that caused the
while residents of nondairy farms had an injury rate of 14.1 (9dye injury was a power tool (21.9%), hand tool (15.2%), livestock
22.0). (14.0%), plants or trees (13.6%), truck/auto (3.3%), working sur-
face (2.5%), or other source (27.6%). Pesticides or chemicals ac-
There was a wide spectrum of severity of injuries. During the pssunted for only 2.0% of the eye injuries. The proportion of eye
riod of observation there were two deaths, both of which occurriefuries to all types of agricultural injuries differed according to
to nonfarm residents. Among farm residents, 8% of those injuribe type of operation. For example, 32% of injuries in nursery op-
were admitted for further treatment. erations were eye injuries, compared to 3.6% for field crop, 4.4%
for vegetable, fruit or nut, 5.3% for beef, hog or sheep, and 7.0%
The major agent of injury was animals although injuries were alfwy dairy operations. No eye injuries were reported in this limited
seen due to falls and machines. The most significant single rskmple for poultry or other farming operations.
factor for injury was hours of work which increased the risk of
injury 3% per hour worked. Since eye injuries are largely preventable, these data may give di-
rection for identifying certain agricultural tasks and specific agri-
Family agricultural production involves not only adult males ancliltural operations to target for more intensive surveillance efforts
females but also children and elderly. Interventions to reduce #rel intervention research.
rate of injuries to farm residents need to address the populations at
risk and the diverse agents of injury.

Category: Construction
National Estimates of Eye Injuries Based on the Traumatic In-

jury Surveillance of Farmers Survey-Walker F, Myers J,
Geidenberger C Effects of a “Back Care” Program in Construction-Marks N

Little information regarding the incidence and risk factors for agri population of 48 construction workers with prior history of dis-
cultural eye injuries in the U.S. is available. Data from the Tradbling low-back pain were involved in an education and exercise
matic Injury Surveillance of Farmers (TISF) were used to genergi@gram aimed at reducing recurrence of disability. They were
weighted national estimates of the incidence of eye injuries occtoiowed for 4 years post-training and their injury experience and
ring on U.S. farms and ranches as well as to characterize thosea#i ratings were reviewed.

highest risk. The TISF survey examined self-reported work-related

injuries from a random sample of agricultural operations duringthough limited by the sample size, the findings showed that there
the period of 1993-1995. The mail-based survey obtained infappears to be a positive effect on the workers’ ability to manage
mation on injuries that either caused the injured person to seé&ir pain better and to prepare themselves for strenuous activity
medical attention or restricted activity for one-half day or more. iy using the exercises taught during the program.
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Construction Safety Association of Ontario Occupational Injury SAFE-TRACK - Uniform Injury Tracking Process-Martin J
Database—Hardy F, Eng P, McVittie D

SAFE-TRACK is a computer-based system that records injury in-
CSAO has been compiling injury data drawn from WCB recorasdents in the construction, industrial and commercial industry sec-
for many years. The Injury Database ( INJ) records have seveoas. The resulting data is then interpreted utilizing focus groups of
fields which are not normally resident in most insurance or WGRBorkers along with safety professionals and used to recommend
datasets in other jurisdictions. specific targeted actions to provide for increased worksite safety.
Follow-up SAFE-TRACK data is then reviewed to evaluate the
In addition to the common “name, rank and serial number”-type @ffect of the targeted worksite changes.
data, CSAQO'’s system captures data on project-type, construction
activity type, specific worker occupations including apprentice ém addition to tracking injuries to establish industry or company
supervisor/foreperson status, worker activity, working surfadeaselines, SAFE-TRACK data has been used successfully in more
condition of working surface, major and minor codes for part tian 25 projects to improve safety concerns at construction
body, type of accident event, type of injury, distance and weightorksites, often during the progression of the work.
In addition, 3 fields are available to record the materials, tools or
equipment involved in the accident event using fields “ Acted on"SAFE-TRACK's tightly targeted injury information has proven to
Acted with” and “Other Involvement”. A 3 line full text descrip-be a valuable tool in assisting construction companies, as well as
tion is available as well as compensation, medical aid and pendioeir health and safety focus groups, in designing and implement-
costs. ing continuous safety improvement programs which result in mea-
surable decreases in OSHA recordables and lost-time accidents.
This data is used to conduct injury analyses for different occupa-
tional groups or for different sectors of construction. The most co®AFE-TRACK is a system that provides focused safety trend analy-
prehensive use of the data system has been the production ofthdor users of construction services, contractors, as well as the
Injury Atlas, which examine the injury experience of over 20 sperafts. The injury information, easily collected on a simple form, is
cific occupations in construction. Sample sets of data from the Atdexed by OSHA injury severity classifications and reports can
las would be presented and discussed. be produced by project, by craft worker, by type of injury, by shift,
or by time of day; as well as other user requested formats.

Hand Protection for Drywall Installers and carpet layersHardy  The use of SAFE-TRACK provides a uniform reporting source,
F, Eng P from job to job, from year to year, that establishes a statistical track-

ing system supporting planning issues that can include:
Research into serious cuts in the drywall sector of construction

showed that the most serious injuries were the result of cuts affect- * Focused and measurable modifications in safety measures
ing the tendons and the palm of the hand. Testing showed that

weight lifters gloves could provide adequate protection of these x cost effectiveness analysis of incentive safety programs
areas and still permit an adequate level of dexterity for picking up

screws, nails and other small items. Work with apprentices in this  * Analysis of the long term effect of work practices on safety
sector showed that early exposure to this solution is important in trends
getting acceptance of this change in work practices.

* Analysis of trends in project injuries, often reflected in in-

surance costs.
Issues relating to GFCI usage with portable generatorktardy

F, Eng P

Questions regarding the grounding of portable generators andfadls Profile of Construction Laborers-Akladios M
issue of Ground Fault Circuit Interruptor performance led CSAO
to carry out testing during April '97. There are concerns that witfithis poster summarizes major causes and circumstances for fatal
out grounding the use of GFCI’s is ineffective. Grounding the gefalls among construction laborers. The primary information in this
erator without using the GFCI would present a risk of electric shogiofile was generated by data from the Bureau of labor Statistics
since the user of the tool would have a voltage potential differer@ensus of Fatal Occupational Injuries.
with earth. If the generator is not grounded to earth, however, there
are some people who suggest that this is safer than grounding shubditional information is generated from NIOSH Fatal Accident
the user would not have a voltage potential difference with ea@ircumstance & Epidemiology Analysis. FACE reports are de-
and therefore would be safer. tailed reports performed by NIOSH. While FACE summaries do
not provide solid statistical explanations, they help explain factors
In order for an electric shock to be experienced by the user ofthat may be overlooked by comprehensive statistical data bases
ungrounded generator, a phase to phase fault would have to ocgugh as CFOI.
This is much less likely than a phase to ground fault.
Ratios were calculated by comparing data generated by the CFOI
Leakage currents necessary to trip GFCls were created and ndesabase to full-time employee totals generated by the Center to
sured with different grounding configurations on the generator(8xotect Workers’ Rights (CPWR). The analysis covered deaths
Data on configurations and leakage currents would be present#itat occurred in the labor industry during 1992-1994.
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The analysis showed that in the Laborers’ profile, CFOI code 8%@th worker safety. This study uses injury surveillance data from
the number of fatalities was found to be 156. the Alaska Trauma Registry (ATR) to examine injuries in the con-
struction industry.
Results from CFOI and FACE showed that most fatalities occurred
to males within the age range of 25-44, and that all laborers Ib#&thods. Data from the ATR for the years 1991 - 1995 was used to
their lives within four days of falling. Most of them hit concreteharacterize the causes of injury in the construction industry in
surfaces, head first. Alaska. The ATR is a statewide, population-based data base that
tracks moderate to severe injuries that occur in Alaska. Data is
From FACE summaries, the most common violations were 29 CERllected retrospectively from hospital medical records at each
1926.104, 105, and 451. hospital in Alaska, then sent to the Alaska Department of Health
and Social Services, Division of Public Health, Section of Com-
Recommendations included: 100% tie off, covered/marked mamunity Health and Emergency Medical Services to be compiled
holes, skylights, and other roof openings, the utilization of netsfo the ATR. Occupational injury surveillance data goes through
and extensive employee training. additional data cleaning and coding by personnel at the National
Institute for Occupational Safety and Health, Division of Safety
. . . Research, Alaska Field Station. The ATR only includes those mod-
Questionnaire-based Ergonomic Hazard Assessment of Constiugiate 1 serious injuries which require hospitalization. The only
tion Workers with Musculoskeletal Injuries-Anderson J fatalities that meet the case definition for inclusion into the ATR

. . . are those who have been seen and treated in a hospital prior to
Since 1990, we have conducted surveillance of construction worlet .,

injuries treated in George Washington University’s Emergency De-

partment. Musculoskeletal injuries were the second-most preyss it The total number of hospitalized injuries in the construc-
lent type of injury, accounting for 21% of these emergency depgyf, inqustry ranked second (n=371) in number only to commer-
ment cases. Since June 1996, we have telephoned workers to&&l"fishing (n=396). Six (1.6%) of the construction injuries re-

lect details on the injury circumstances as well as return-to-walo in fatalities. There was a mean of 74 injuries each year in

programs, ongoing musculoskeletal symptoms, and subsequenhare,nstryction industry ranging from 66-88. Falls lead all other

recurr.ent injuries. By interviewing workgrs from a number of CONuses of injury, accounting for 198 of the cases. The most com-
struction trades, we hope to characterize both the short- and l9agg, ta)is are from or out of a structure (67), while using a ladder

term effects pf these WMD injuries on physical health, emotion@z), while using scaffolding (36), from one level to another (18),
health, and livelihood. and slipping or tripping (10). The upper extremities are the most

. . ) . common body region injured followed by the head. The most com-
One of the questions in the telephone interview addresses day-

d d " ks. Th df tth iBn injury is a musculoskeletal injury - usually a broken bone.
ay trade-specific tasks. The nature and frequency of the most C8fere is no pattern suggesting a seasonal variation to falls. Itis not

mon tasks were identified for each worker. From initial imerVieV\th)ssible to reliably ascertain from ATR abstracts if the fall was
to date, we generated a preliminary listing of the tasks reportedak%ctly caused by ice or snow

two trades — carpenters and plumbers. From this list, we stan-

_dardlzed and coded the_ tasks for the two trade_s_. For each _Stan%‘fllblusions. Previous studies have ranked occupational fatalities
ized task, we used avalla_blfe data (trade-specific ergonomic ?Uﬂ%he Alaskan construction industry in the bottom third. How-
ses, ch_ecrlillsts,dexpgrt or;]lnlon(,jgtc.) to produce aftrade'Sp%C'f'Cleér, construction injuries rank second in number of all industries
gonomic hazar rating t_ atha rssse_s posturz, orlce, gnf reR8llorded in the ATR. Even though construction continues year
tlonk. ﬁnce an ergonomic haZ(?L rfatlng was e(\j/e ope ;)r e?ﬁnnd in Alaska, our data show no consistent pattern suggesting an
te;s "dt e_fr_at(;ngs I\(Nefre welgh te ky requency and summed aclfaFease of falls when arctic conditions are present. From these
the igentilied tasks for each worker. data, further research into fall prevention and protection in the Alas-
. . . ... kan construction industry is currently underway by a interagency
This paper will focus on the methods for developing |nd|V|dug\I,0rking group in Alaska
ergonomic hazard ratings from questionnaire-based data on tasks. '

We plan to develop similar trade-specific task-based ergonomic

hazard ratings for all workers in our followup study. Trade-Specific Injury Patterns among Construction Workers
Nessel-Stevens L, Hunting K, Welch L
These task-specific hazard ratings will enable us to compare the
ergonomic hazard in the WMD-injured population to that of a order to learn more about the causes of non-fatal construction
age- and trade-matched comparison population who were aslgglker injuries, we established an emergency department-based
the same question about their daily tasks. When the analysessgi@eillance program. Between November 1990 and June 1996,
complete, we hope to have determined: (1) whether the level@f reviewed the medical records of 2,280 construction workers
ergonomic hazard influences the occurrence of ongoing Mus@io have been treated in the GWU Emergency Department for
loskeletal symptoms and subsequent or recurrent injuries; and\{@}k-related injuries and illnesses. These injured workers were
whether any specific tasks or ergonomic factors appear to put Woilierwhelmingly (98%) male, and most (66%) were between the
ers at risk for ongoing symptoms or recurrent WMD injuries.  ages of 25 and 44. Laborers, carpenters, and electricians led the
list of occupations, though workers from over twenty construction
Construction Injuries in Alaska—Husberg B, Conway G trades were represented. The most common injuries treated were
lacerations (38%) and strains and sprains (21%). Four percent of
Introduction: Construction takes place year ‘round in Alaska, attte workers had injuries serious enough to require hospital admis-
the harsh arctic environment introduces factors that can interfsien. Contact with sharp objects (28%), falls (16%), and overexer-
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tion (11%) were the most frequently noted injury circumstancesork phases can be useful in planning and scheduling safety mea-
sures before construction begins. During construction, the check-

While the overall demographic characteristics, diagnoses, andlists can prove useful for jobsite inspections by safety personnel,

jury circumstances are interesting, it is the more detailed injusgifety committees, and others involved in monitoring safety con-

descriptions, by trade, that are more useful for thinking about tlitions on a jobsite. In addition, the checklists also provide valu-

jury prevention. To illustrate this, we will present data on injurgble information that is useful in safety training.

patterns among workers from four specific trades: carpenters; elec-

tricians; ironworkers; and plumbers and pipefitters. Together, these

trades represent 43% of the injured construction workers in ddertality Patterns Among the International Brotherhood of Elec-

case series. Highlights of the results follow: trical Workers, 1982-87-Robinson CF, Petersen M, Palu S

Lacerations were the most frequent injury for each of the tradBsis study evaluated the mortality of 31,068 members of the U.S.
except for ironworkers, and for all trades combined. For ironworklectrical Workers’ Union who worked in the construction indus-
ers, sprains, strains, and muscle pain was the most frequent injoryand died 1982-1987. Age-adjusted proportionate mortality ra-
category, especially to the back and ankle or foot. tios (PMRs) and proportionate cancer mortality ratios (PCMRS)
were computed using the U.S. age-, gender-, and race-specific pro-
Among carpenters and plumbers, lacerations were most often cayggtional mortality for the years of the study. For white male elec-
by pieces of metal or unspecified metal objects. Power saws, driflisal workers, significantly raised mortality was observed for lung
nail guns, and screw guns were also frequently associated wincer (PMR=117), mesothelioma (PMR=356), melanoma skin
carpenters’ lacerations. In contrast, electricians most often se@ncer (PMR=123), cancer of prostate (PMR=107) leukemia
tained lacerations while fixing or changing light fixtures, whildPMR=115, tumors of eye, brain and central nervous system
ironworkers were most frequently cut by tie wire. (PMR=136), diseases of the blood forming organs (PMR=141),
asbestosis (PMR=248), electrocutions (PMR=1145), and all fatal
Ironworkers experienced a higher proportion of falls than any othigjuries (PMR=116). When proportionate cancer mortality analy-
trade examined in this study. Slips/trips (many while walking is was used, the risks for these cancers remained elevated, although
rebar) were the most frequent type of fall sustained by ironwottke significance became borderline for leukemia and melanoma
ers. In contrast, among plumbers, electricians, and all trades c&f#Rs.  Among 114 white women electrical workers, mortality
bined, falls from ladders represented the most significant fall halue to leukemia (PMR=195) and breast cancer (PMR=124) was
ards. elevated, but not significantly. More than 82% of all electrical
workers studied had greater than 30 years membership in the union.
These and other differences in injury patterns allow us to discdrne data show that electrical workers have elevated proportionate
specific risk factors for construction work injuries, and to suggestortality for the diseases caused by asbestos (lung cancer, asbes-
prevention measures that might be implemented on a trade-$psis, and malignant mesothelioma) and from traumatic injuries,
cific and task-specific basis. particularly electrocutions and other fatalities that may be related
to the workplace. The findings of prostate cancer, tumors of eye,
brain and central nervous system, and diseases of the blood form-
A Tool for Planning and Monitoring Construction Site Safety ing organs were unexpected. Elevated mortality from leukemia
Gambatese JA, Hinze JW and melanoma skin cancer may be related to electrical work and
suggests further evaluation of possible risk factors is needed. These
Ensuring safety on the construction site involves careful plannidgta suggest that construction electrical work is a very hazardous
and implementation of safe practices and procedures. Project sdfeige.
planning involves anticipating safety hazards and applying effec-
tive safety measures to the job at hand in order to minimize or
eliminate the hazards. Effective safety planning relies on on&/®tor Vehicle Fatalities in the United States Construction In-
knowledge of construction processes and procedures and thedagtiry—Fosbroke DE, Ore T, Hixon P
plicable safety regulations. Safety planning is enhanced when as-
sistance is provided in determining the safety regulations appli-death certificate-based surveillance system was used to identify
cable to each construction process and procedure. Following 2®44 work-related motor vehicle fatalities among civilian work-
safety planning effort, successful implementation of safety mesrs in the United States construction industry over the years 1980-
sures requires periodic inspections of the jobsite to ensure the sad@ty Construction workers were twice as likely to be killed by a
plan is in place and safety regulations are met. While safety imetor vehicle as the average worker, with an annual crude mortal-
spections are a valuable means of maintaining a safe jobsite,itheate of 2.3/100,00 workers. Injury prevention efforts in con-
complexity associated with many construction projects can cawsseiction have had limited effect on motor vehicle-related deaths,
some hazards to be overlooked. Many construction firms utiliaéth death rates falling by only 11% during the 13-year period,
safety checklists to assist in performing safety inspections. compared with 43% for falls, 54% for electrocutions, and 48% for
machinery. In all industries combined, motor vehicle fatality rates
A computer program has been developed to assist in planning drapped by 47%. The largest proportion of motor vehicle deaths
monitoring construction site safety practices and conditions. T{#9%) occurred among pedestrians, with construction accounting
program includes a database of construction safety checklists foatmore than one-fourth of all pedestrian deaths. A minimum of
address various general requirements, work phases, temporary sB46%) of these pedestrian fatalities were flaggers or surveyors.
tures, and construction materials. Instead of creating generic chdelkggers accounted for half the 34 pedestrian fatalities among
lists, the program allows the checklists to be modified to match tvemen, compared with only 3% among men. Along with previous
specific jobsite characteristics. The checklists related to spec#ittdies and recent trends in the amount and type of road construc-
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tion, these results underscore the need for better traffic confR&vetment is the process used to reinforce riverbanks with con-
management in construction work areas to reduce pedestriancfate plates to combat erosion. The task is unique, but the ergo-
talities. As the second leading cause of traumatic death in caonmic risk factors involved are fairly typical.
struction, with an annual average share of 15% of the total deaths,
exceeded only by falls, prevention of work- related motor vehiclehe ergonomics team identified specific ergonomic hazards that
research should become a greater priority in the construction éan contribute to cumulative trauma disorders, resulting in decreased
dustry. productivity, increased errors, lost work time, and increased costs.
Tasks at the revetment operation included facilitating the removal
) ) . of concrete slabs from a storage barge, aligning the slabs onto the
Category: Engineering and Protective Technologyller barge, straightening the slabs as needed, and tying together
the concrete slabs using a pneumatic tying tool. The risk factors
identified included awkward postures, forceful exertions, mechani-
cal stresses, and repetitive motions. Recommendations to reduce
the risk of suffering a cumulative trauma disorder injury included
Every day people die in the workplace. Many of the deaths oc(r:n?d.lfylng the tying tool to minimize poor back posturgs and to
. . - éliminate the amount of repetition, reducing force required to op-
when highly experienced people who knew better, select actions S .
T X . . erate the tool, and eliminating mechanical stresses. The ergonom-
that put them at high risk of serious injury or death. The question’is . ;
. : ¢S team also recommended that the operation be examined to de-
WHY? Are they careless? Ignorant? Risk takers? Indifferent? This_ =~ . . : .
. o termine if certain jobs in the process can be eliminated and that
paper discusses the why by summarizing the results of 134 struc- . :
. ) . S mployees be educated in the proper use of the tying tool.
tured interviews of workers who had been involved in |nC|den?s

that could have been fatal for them.

Near Fatal Events—Momentary Lapses in Reason@3tebbe TJ,
Cormier W, Monteressi C

The purpose of the project was to understand why these incidéﬁ?é’ek)pmem of a Data Collection System for a Pen-based Com-

occurred so that intervention strategies could be developed. -HLlléer—Ching CR

interviewees were experienced coal miners at underground z_:}_ndf i h di ‘ inf . .
surface coal mines. One or more of the authors conducted the'{3-1acilitate the recording of survey information, an ergonomics

terviews, and they lasted one to one and one-half hours. The in@?m from the_ U.S. Army Center for Hea_lth Promotion and Ere-
views were conducted at the worksite. The focus of the intervief@Ve Medicine developed a data collection system for use with a
was to understand both what happened during the incidents, BﬁB'based computer.

the interviewee’s role in the incident. Once these were understood, . . . .
the interviews focus shifted to trying to understand WHY wha—the team had to evaluate video display terminal workstations at

happened happened—both in the global incident, and in the acld I ._Army |nst|allat|ons in Belgldu_nj and dﬁtermlne corr;]pllance with q
actions of the interviewee. We were particularly interested in tff'91an Royal Decree. In addition to the Decree, the team use

interviewee’s actions and the judgements that led to the actiéﬁgernatlonal Standards Orggnlzat!on_and Europeaq Community
and outcomes. standards to research evaluation criteria. The survey involved three

pen-based computers, each running the same software program.

The results show that the data fell into six categories. The catega—ﬁ@ tzam er°te 3 data collefctlon Erogréim with thefmterface de_-
were: following orders, conscious choice, making assumptio gned to take advantage of pen-based computer features. Five

about the state of the world. did not know the risk. were “unco valuators received training in the use of the pen-based computers.
scious” at the time of the incident and deliberate ri’sk taking EaléHaIuators entered information, such as features of the individual

of these categories suggests a different combination of interv rkstation and environment, and recorded potentially damaging
ostures. The multilingual system gave immediate feedback and

tion strategies. For example, when a worker is following 9;1 ki dations h workstati h |
supervisor’s orders when they make unsafe behavior choices, ifigicK-ixrrecommen atlo_ns_ or each wor sta_t|on. T e leam evalu-
d 340 workstations within a 15-day period with each survey

primarily a management problem which may be addressable throfigh: ) .
sting approximately 10 minutes. The team downloaded survey

supervisor training—or it may take a complete change in corpor
philosophy about the comparative importance of safety and pFs_sults from each pen-based computer to create one large data base
analysis. The data collection system was efficient and easy to

duction. In comparison, a worker who does not know about a r@( h il i . h f h
may need to be educated about the hazards and risks that exi§§?r1|_ T_e team will modify or customize the program for other
his/her workplace with classic cognitive training methods. applications.

The paper discusses _each of the six _beha_v|or ca'lrlegorlef, IVeS fards Associated with Roof Drilling and Bolt Installation in
amples of each, and discusses ways in which the “safety prObleU}ﬁjerground Coal Mines—Unger RL, Cornelius KM, Turin FC
associated with each category may be addressed. It also discusses ' '

an intervention project that is being developed to address som%%f drilling and bolt installation in underground coal mines is

the categories. labor intensive, repetitive, and exposes operators to many hazards
which can result in accidents, both acute and cumulative in nature.
An Ergonomic Audit of a Mississippi River Revetment Process—©One concern of mine safety officials is the number accidents oc-
Chervak SG curring where the roof bolter operator is crushed by the powerful
hydraulic drill boom. Another concern is the rising number of
An ergonomics team from the U.S. Army Center for Health Proyjuries due to cumulative trauma. A NIOSH team of researchers
motion and Preventive Medicine performed an assessment afxamined these problems with several goals in mind. The first was
Mississippi River revetment operation. to identify the root causes of the acute trauma accidents and de-
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velop effective solutions that could be implemented promptly. Tloels, and improved hang up prevention/removal techniques. A

second goal was to examine the cumulative trauma exposurdaolt tree analysis identified five leading causes of ore pass failure.

roof bolter operators and develop recommendations aimed at@ee pass transport practices and problems at past and present op-

ducing the risk of developing injuries. Finally, the team developedating mines are discussed.

materials to educate the mining industry on human factors engi-

neering principles with the intention of improving the design ddesign criteria and hang up prevention and remediation strategies

roof bolting machines. include effects of static and dynamic ore and waste rock loads on
chutes, walls, gates, and support structures. Particle flow analysis

The following steps were taken to investigate traumatic crushingthods were used to simulate the response of various ore pass

injuries: interviewed roof bolter operators, analyzed video tapéssigns to a wide range of ore loading conditions. A full-scale and

of roof bolting operations, discussed issues with roof bolter marii3 scale mock-up of ore pass and chute assemblies currently in-

facturers, analyzed mine accident data, and reviewed past resestalied were duplicated and tested for load response. Data from

on roof bolter safety. The team determined that the goal of ahg particle flow code, and the mock-ups are compared. Instru-

intervention should focus on reducing the probability of a contralentation and load measurements of an active ore pass will be

being accidentally activated and reducing the chances of roof bottenducted after the mock-up tests are completed. Development of

operators placing themselves in hazardous positions around ghfer ore pass design and ore handling proceedures are the goals of

machine. To achieve that goal, the team developed a list of sehe project.

tions based on their analysis of the information collected. Some of

the recommended solutions include the use of an operator-in-posi-

tion interlock device, fixed barriers at pinch points, improved con-

trol guarding, and reduction in speed of the fast feed. Many Gfaphical Analysis of Energy Expenditure-Belard J-L, Dotson

these ideas have already been implemented. B, Wassell JT, Long D, Wojciechowski W

In response to cumulative trauma exposure concerns, membend/aste abatement workers, due to the nature of their job, require a
the project team conducted a study at an underground coal minkigih level of protection and must therefore commonly wear per-
examine roof bolter tasks that performed over time could put thenal protective equipment such as a self-contained breathing ap-
operator at risk.  For this study, three primary forms of data weraratus (SCBA) and encapsulating suits. Wearing this type of per-
collected and analyzed. Researchers analyzed 43 lost time isoRal protective equipment while working adds a weight burden,
dent descriptions, conducted a series of interviews with roof bolteypedes heat exchange and can lead to physiological strain and
operators, and observed operators performing roof bolting tasksreased energy expenditure. This strain and increased energy
Common roof bolting activities were examined and issues idergipenditure can in turn lead to exhaustion in a period of time much
fied as putting operators at risk of injury were discussed. Recoshorter than would be experienced without this equipment. The
mendations were developed which address the three elements wisl of this study was to analyze the energy expenditure of haz-
define a system: human, equipment, and environment. The mwlous waste abatement workers while performing tasks common
ommendations can be used to increase worker awareness oftragkeir jobs.
factors, modify job procedures, improve existing equipment, ahtine asbestos workers aged 27 to 40 performed six typical hazard-
provide guidelines for future equipment design. ous waste abatement tasks in a laboratory setting. Subjects carried
an SCBA and wore a Mine Safety Appliances Company (MSA)
Efforts to educate the mining industry have included the develd@ueMaxTM totally encapsulating suit. This level of protection is
ment of seminars on human factors design geared toward desigsignated “Level A” and is utilized by workers who require the
engineers and mine safety personnel, the construction of mockufpisnate possible protection during waste site cleaning operations.
that demonstrate human factors principles, and the publication &lthough all subjects were in a safe laboratory environment, they
world-wide-web page devoted to human factors design issueswisre required to wear this complete protection in order to approxi-
sociated with mobile underground mining equipment. mate work site energy expenditures. However, since no activity in
a toxic environment was involved, subjects were allowed to keep
the garment open and the SCBA disconnected. All tests were con-
Safety Considerations for Transport of Ore and Waste in Underducted in a neutral environment (20°Centigrade, 60% relative hu-
ground Ore Passes-Stewart BM, Beus MJ, Iverson SR, Morelandnidity). Heart rate, respiratory frequency, and oxygen consump-
MW tion were measured every 30 seconds during the performance of
the various activities.
Researchers at the Spokane Research Center of the National Insti-
tute for Occupational Safety and Health are investigating methdgig different tasks were selected for simulation through an agree-
to improve safety during transport of ore in underground minegent with hazardous waste abatement union experts. The activities
and to prevent injuries and fatalities to miners around ore passiswlated typical tasks performed daily on hazardous waste sites.
Five fatalities in the last three years were directly related to ofbese typical tasks included: walking from one place to another,
hang-ups resulting in ore pass structural failure and ore chute bleatrying equipment, decontamination of soiled surfaces, shoveling
out. Mine Safety and Health Administration (MSHA) accidertbxic dirt into drums, digging to uncover barrels, and crawling in
statistics have identified ore pass hazards. Mine accident datadmadined spaces. These tasks were simulated with the following
shown that injuries and fatalities have resulted during ore pass clagvities: walking on a treadmill at 1.5 miles an hour, carrying a
and gate operations. Nearly 75% of the accidents related to pullé@gpound bucket at the same speed, mopping the floor at 60 strokes
or freeing ore pass chutes are caused by the use of hand toolgandhinute, shoveling sand from ground level into a drum, digging
falls of broken rock. Recent ore pass failures have underlined #t¢en shovels per minute, and crawling on the treadmill at 0.3 miles
need for improved designs, standards, structural monitoring meth-hour. In all, each tested activity lasted ten minutes, including a
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five minute warm-up that allowed each subjects’ heart rate to reagent-host-environment model to accurately describe the pre-event,
a plateau. Oxygen uptake data obtained during the last five mement, and post-event phases of fatal occupational injuries, is con-
utes of each test are used to measure the energy expenditure.dlibted in the areas of falls from elevations, logging, and machin-
data collected is being analyzed in graphical form. ery-related fatalities. Through surveillance and epidemiologic in-
vestigations, potential risk factors are identified and injury preven-
The risk of impending heat stress increases not only with the antlin strategies developed.
ent temperature, but also with a work load. Results of this study
will be useful in determining the workers’ average energy expeResults. During the period 1980 through 1991, approximately
diture when they perform a given task, and thus to assist with dét2;500 U.S. civilian workers died from traumatic injuries suffered
sion-making wether an appropriate micro cooling system is requirgdthe workplace according to data from NTOF. Over this 12-year
period, an estimated 6,721 of these deaths occurred due to falls
from elevations. Although the trend of falls from elevations de-
Category: Surveillance clined from .68 per 100,000 workers in 1980 to .38 in 1991, falls
from elevations remain the 4th leading cause of death Nationwide.
Between October 1982 and present, the NIOSH FACE program
National Estimates of Occupational Injury from the National has investigated 79 fatal incidents that involved workers who died
Health Interview Survey—Geidenberger CA, Jackson LL as a result of falling from an elevation. Recommended injury-pre-
vention strategies include working in compliance with national
The 1988 National Health Interview Survey Occupational Healfi#f€ty standards, establishing and implementing written safe work
Supplement is part of a continuing effort by the National InstituR§ocedures, using proper personal protective equipment and pro-
for Occupational Safety and Health to improve surveillance of 04ding appropriate worker training.
cupational injury and disease. Data from this survey were used to ) ) ]
generate national estimates of work-related injury incidence amdrgnclusion. Approximately 560 workers die each year from falls
civilian workers. Eye injuries were a particular focus of the analffom elevations in the course of everyday work situations, and falls
sis since, in general, such injuries may easily be prevented in i§@ain the 4th leading cause of occupational injury fatalities Na-
work place at relatively low cost. The overall incidence of occupi@nwide. In order to reduce these numbers, surveillance, dissemi-
tional injury was 8.6 episodes per 100 workers or 7.2 injured pggthn of prevention strategies, and additional research need to be
sons per 100 workers. Incidence of injury episode varied by oc&@ntinued. The FACE model has been demonstrated as an effec-
pation and industry of employment, with injuries occurring modive tool for |(_16nt|fy|ng a_nd descrlbl_ng fatal occupational injuries
frequently among operator/fabricator/laborer occupations and th@§él developing prevention strategies. The FACE data has been
employed in the construction industry. Incidence also varied &ted to produce targeted dissemination of prevention strategies,
cording to body part injured and nature of the injury, with backd to provide input into the promulgation of national safety stan-
injury episodes and fractures/dislocations/sprains, respectively, gqeds.
most common. Risk of injury declined with age for both sexes and
was higher for males in every age category. Eye injuries occurred
most frequently among those employed in the construction indus- ]
try and in production/craft/repair occupations. Risk of eye injui/orker Deaths by Electrocution - A Summary of NIOSH Sur-
was lower than risk of injury to the extremities or back within ew€illance and Investigative Findings-Gasini VJ, Kisner S
ery occupation and injury category. In addition, those with eye ) ) ] ) ] )
injuries reported fewer days of missed work than did workers wiitrPose. To identify and describe trends in traumatic occupational
trunk, extremity, or back injuries. Nevertheless, the estimated nugf@lities due to contact with electrical energy, review recommended
ber of work-related eye injury episodes during the study perig{)e\_/entlon strategle_s, and describe the approach of the Natlo_nal
(625,745) was substantial, representing 5.9 percent of the estimfig§tute for Occupational Safety and Health (NIOSH) to traumatic
total. These results are generally consistent with findings of otfgcupational fatality investigation and prevention.

injury surveillance systems, and provide further guidance for fu- ] ) ) o
ture intervention efforts. Research Hypothesis. Through surveillance and on-site fatality in-

vestigations of occupational electrocutions, risk factors can be iden-
tified and intervention strategies developed, disseminated, and
implemented to reduce fatal occupational injuries.
Traumatic Occupational Fatalities Due to Falls From Elevations
—Cause and Prevention-Braddee R, Pratt S Research Data. Data from the National Traumatic Occupational
Fatalities (NTOF) surveillance system, which is based on death
Purpose. To identify and describe trends in traumatic occupatiopettificates from all 50 States and the District of Columbia meeting
fatalities due to falls from elevations, review recommended prgre following criteria: age 16 years and older; external injury cause
vention strategies, and describe the approach of the National Insticleath; and the certifier noted that the injury occurred at work
tute for Occupational Safety and Health (NIOSH) to traumatic ogras used. Data are also included from the Fatality Assessment and
cupational fatality investigation and prevention. Control evaluation (FACE) program gathered during field investi-
gations using the traditional epidemiologic model.
Method. This study uses data from the National Traumatic Occu-
pational Fatalities (NTOF), and Fatality Assessment and Contwéthod. This study uses data from the NTOF surveillance system
Evaluation (FACE) databases to describe trends and rates of fatedd the FACE database to describe trends and rates of fatalities of
ties of workers due to falls from elevations, over a 12-year periagbrkers during to electrocution over a 12-year period. Through
The FACE program, which utilizes the traditional epidemiologisurveillance and epidemiologic investigations, potential risk fac-
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tors are identified and injury prevention strategies are developezlly identified). For those claims in which both eyes were injured,
the proportion doubled for accidents caused by chemicals, gases,

Results. According to NTOF data, a total of 5,338 workers weftames, and liquids (47%) and tripled for accidents caused by con-

electrocuted in 5,170 incidents from 1980-1992. An averagetatt with radiations, caustics, and toxic substances (21%). Contact

411 workers were electrocuted each year, with an average anmitli temperature and pressure extremes increased to 8% in com-

rate of 0.4 workers per 100,000 workers. Although the numberpzrison to only 2% for all eye injuries. There was also a dramatic

electrocution deaths have decreased by more than 50% from 198€rease in burn injuries from 7% for all eye injuries to 34% of

1992, electrocutions accounted for 5% of all worker deaths in 198iuries involving both eyes.

in the U.S. From November 1982 to December 1994, the NIOSH

FACE program investigated 224 electrocution incidents resultihg summary, the West Virginia Workers’ Compensation data pro-

in 244 occupational fatalities. Recommended prevention strat@de an excellent opportunity to profile minor as well as serious

gies include compliance with national safety codes, proper useeg€ injuries in the workplace.

personal protective equipment, appropriate worker training, and

developing and implementing comprehensive written safety prn Epidemiologist’s Trek through Several Industries Injury/In-

grams. cident Data—Thomas RJ

Conclusion. Approximately 411 workers die each year from eleBnalyses of personal-computer-based records of injury data with
trocution-related incidents in the work environment, and electrcempany historic demographic and job history data presents a dif-
cutions account for 5% of all occupational fatalities in the U.S. Terent perspective of case definitions and the populations-at-risk
reduce these numbers, prevention strategies need to be develtpsd the traditional ‘safety’ injury/incident counts to ‘full-time
and disseminated to targeted audiences. The FACE model has legglivalent’ persons.
demonstrated as an effective tool for describing fatal occupational
injuries, developing prevention strategies, and disseminating thBsga from several different industries of varying size, in scattered
prevention strategies to targeted audiences. geographic locations, and of different types (a utility, an electrical
product manufacturer, and a multi-site chemical producer) illus-
A Profile of Occupational Eye Injuries from the West Virginia trate the presence of confounding in both the numerator and de-
Workers’ Compensation Program-Jackson LL, Islam S, Bow- nominator of traditionally calculated industry rates.
ersC
One client’s data on current employees, which includes work and
Eye injuries are a preventable occupational injury, yet the UiBjury data back to 1952, leads to a historic view of employee’s
Bureau of Labor Statistics estimates that eye injuries accountifguries. There are three employee populations (besides the classic
about 4% of lost work time accidents. Analysis of workers’ consub-groups of male/female, recent hires/long term employees, et
pensation data provides an opportunity to determine the natureetera):
eye injury in the workplace and to target intervention efforts to

higher risk industries and occupations and eventually to individual - those employees who have not had a single accident/injury
employers with high incidence rates.

* those employees who have had one and only one accident/
West Virginia is one of only a few states that has an exclusive  Iniury, and

state-managed workers’ compensation insurance fund and doe€ nota small population of employees who have had more than one
allow private third-party compensation insurance coverage, al- accident/injury.

though it does allow some companies to self-insure (less than 1%

of all companies). We examined 4422 compensable eye injy¥jicopter External Load Traumatic Injuries — Epidemiology
claims from the West Virginia Workers’ Compensation Progragy,q Prevention—Manwaring JC, Conway GA, Garrett LD
for July 1995 through June 1996. The eye injury claims accounted ' '

for about 7.6% of the total number of injury claims (58325) durinidelicopter external lift load operations are gaining wide accep-
the one-year period. Eighty-seven percent of the claimants are nialece as an alternative to conventional surface heavy lift and trans-
The average age of claimants was 35 years, ranging from 14 tg@dation. Such operations, however, are not without their haz-
years of age, with 85% of the workers in the age range of 20 toatfls. Helicopter external load operations, such as helicopter log-
years. ging, can be demanding on helicopters and the pilots who fly them.
The potential for machine failure and human error has lead to tragic
Sixty percent of the injuries were caused by various particulagsults. Helicopter external load operations have been associated
type materials and 23% were caused by chemicals, gases, fuwith, a large number of helicopter crashes resulting in serious trau-
or liquids. The major types of accident events were “rubbed miatic injuries. There were 230 helicopter external load accidents
abraded” (60%), “struck by” (20%), “bodily reaction” (7%), andn the United States investigated by the National Transportation
“contact with radiations, caustics, and toxic substances” (6%). Teafety Board (NTSB) from 1980 to 1995. These accidents resulted
nature of the injury was mostly foreign bodies in the eye (70%)57 fatalities and 74 serious non-fatal injuries. Of the 230 acci-
with a fewer number of cuts, punctures, and abrasions (13%) atedhts, 44 (19%) resulted in one or more fatalities. There was a
chemical and radiation burns (7%). Less than 1% of the total numean of 0.25 fatalities per accident, and a mean accident pilot fa-
ber of injuries were caused by imbedded splinters or chips or putaity rate of 14% (40 pilot fatalities out of 276 pilots involved in
tures. 230 accidents). Of the 230 accident reports, 190 (83%) noted a
flight purpose. Of these 190 events, 65 (34%) occurred during
In 82% of the claims the injury involved only one eye, whereas lireli- logging operations. These 65 events resulted in 26 (46%) of
10% of the claims both eyes were injured (8% were not specéit fatalities, and 30 (41%) of the 74 serious non-fatal injuries.
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Construction-related external load accidents accounted for 42 (22¢r@ups at the time they entered the program were analyzed retro-
of the 190 accidents. These accidents resulted in 10 (18%) ofgpectively. Discriminant function analysis was utilized to identify
fatalities, and 16 (22%) of the serious non-fatal injuries. The reggnificant factors that classified the two outcome groups. Initial
of the accidents (83 in number or 44%) involved miscellaneowsrking status, ethnicity, the schizophrenic scale of MMPI, edu-
cargo operations (19%), power line operations (8%), christmas toa¢ion, and trunk flexion strength were the best predictors that cor-
operations (6%), seismic operations (6%), fire control operatioretly classified approximately 69% of the subjects into their ac-
(3%), and agricultural operations (2%). These 83 accidents (4448l outcome groups. This study may provide insight as to some of
accounted for 21 (37%) of all fatalities, and 28 (38%) of the THe factors that may predict treatment outcome.

serious non-fatal injuries. According to the NTSB who assigned

“primary probable cause” to all 230 accidents, pilot error accounted

for 44% (n=102), mechanical failures accounted for 38% (n=88), ) ] ) o )
and maintenance accounted for 10% (n=23) of the accidents.Uge of Narcotic and Non-narcotic Analgesic Medications in Oc-

vast difference in primary probable cause was noted between Heypational Injuries: Analyses of _Reimbursed Prescriptions in a
logging and non-heli- logging accidents. For heli-logging, the pretateé Run Workers’ Compensation Dtabas¢stam SS

mary probable causes were mechanical failure (63%), pilot error ) . o

(29%), undetermined (5%), and maintenance (3%). For non- hQi(_:CL_JpatlonaI injuries, su_ch as back and_ shoulder injuries, muscle
logging operations, the primary probable causes were pilot erf§¥ains, etc., often require treatment with analgesics and muscle
(50%), mechanical error (28%), maintenance (13%), and undef&f@xants. The pattern of such drug uses has not been well docu-
mined (8%). The risks associated with these probable causes'8&Ated in work related injuries. In this study, using the West Vir-
be minimized by adherence to existing regulations and manufglia Workers’ Compensation database, we have evaluated the
turer recommendations, improved training, and more frequent &@itern of reimbursed prescribed medications with an emphasis on
intensive helicopter maintenance. Recent experience in Alaska R&€otic and non-narcotic analgesics by specific body parts injured.
shown that following these recommendations can make helicogfeddition, costs associated with analgesics, muscle relaxants and

external load operations safer, thereby dramatically reducing @f§i-arthritics are also presented. Among those who were injured
number of crashes and injuries. between July 1, 1995 and June 30, 1996, 5557 claims were reim-

bursed for prescription drugs at the time of data collection. Of the

200 most prescribed drugs, analgesics were the most commonly
Category: Miscellaneous used drugs (4,724 prescriptions) followed by muscle relaxants

(3,359 prescriptions) and anti-arthritics (3,131 prescriptions).

However, anti arthritic medications were the most expensive, ac-
Characteristics of Success Following A Comprehensive Paicounting for an average of $50 per prescription compared to $26
Control and Functional Restoration Program-Shen W and $25 per prescription for analgesics and muscle relaxants. Ultram

50 mg tablets were the most prescribed analgesics for all body parts
Chronic pain is a complex multidimensional problem and iajured except for eye and toe injuries. The most commonly used
multidisciplinary approach is a preferred model of managementiarcotic analgesics was Propoxy-N (Darvocet), followed by
patients with chronic pain. Functional restoration and activity basdgdrocodone and Butalbital. Among the non-steroidal anti-inflam-
programs have documented successes in decreasing the disahiaigry schedule drugs Cataflam was the most commonly used drug
effects of chronic pain. The purpose of this study was to descrfbBowed by Toradol. Cataflam was also the most expensive sched-
program and subject characteristics of a multidisciplinary pain prgle drug, costing $50 per prescription. Reimbursement for the cost
gram and to identify significant factors that can predict treatmesftmedication per day varied widely. For example, reimbursement
outcomes of such a program. The database of a pain control fanch day’s supply of Ultram tablets ranged between 17 cents and
functional restoration program was reviewed. Two hundred aiti4.30 with a mean of $3.70. Such variation could result from the
ninety-two subjects returned the six-month follow-up questionnairariation of actual units prescribed per day and whether or not ge-
These subjects were assigned to either a successful or not-suceesi: or non-generic brands were dispensed. Further analyses are
ful outcome group based on clinical judgment of the followingarried out to understand injury, occupation and industry specific
criteria: return-to-work (or active retirement), off third-party-supnarcotic and non-narcotic analgesics, anti-arthritics and muscle re-
port, off narcotics, reduction in pain, and improvement in funtaxants prescriptions and pharmacoeconomic aspects of cost varia-
tion. Characteristics of successful and not-successful outcotiom for such medications.
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Session 16: Factors Influencing Injury in programs (COs), and their effects on the above mentioned prob-
Construction lems. COs remove construction workers from the preliminary stages
of state-run systems and place administration in the hands of unions
A Designer’s Influence on Construction Worker Safety—and employers. The stated purposes of these programs are to im-
Gambatese JA, Hinze JW prove the delivery of benefits to injured workers and reduce em-
ployers’” WC premiums, thus enhancing employment and work-
The safety of workers on construction sites has traditionally beglace safety. Specifically, we focus on California which passed
addressed and planned by the constructor at the start of const@@-legislation in 1992 and where nine COs currently exist.
tion. This practice stems from the constructor’s control of the project
site and responsibility for the construction means and methobiew are goals to be accomplished? According to union officials,
While the influence of the constructor’s actions on safety is welfC insurance companies that underwrite COs, and construction
documented, the affect that other project team members haveemployers, the key to the success of COs is an alternative dispute
construction worker safety is not as well known. One memberrekolution (ADR) process and the collective bargaining of a pre-
the project team, the designer, has traditionally not been involedred provider network of medical providers. The former is in-
in construction worker safety. Designers typically limit their intended to reduce the number of disputes as well as their cost and
volvement in construction worker safety because they feel that thugtays, while the latter is intended to reduce medical costs and im-
are not educated and trained to adequately address safety, tharowe the quality of medical services. The ADR process usually
tools exist to assist them in addressing safety, and that they doinetlves three possible steps: ombudsperson intervention, media-
have the contractual authority or position to dictate jobsite activien, and, if necessary, arbitration. Either party unsatisfied with
ties. This practice ignores the effect that designers have on dbe- outcome may appeal to the Workers Compensation Appeals
struction safety. Designers can positively influence constructi@oard (WCAB). In California, the ombudspeople reflect a mix of
site safety by integrating safety considerations into the design prade-offs in skills with some having medical backgrounds and oth-
cess. ers legal. Legal backgrounds may help assure greater protection
for the individual rights of injured workers while medical back-
Recent research has examined the designer’s role in addresgiognds facilitate resolutions to disputes over appropriate treat-
construction worker safety. This research effort involved the aaent.
cumulation of suggestions for improving construction worker safety
while in the design phase. The suggestions provide best dessgmdy Method. We are conducting two major case studies of COs
practices for reducing or eliminating safety hazards during caihat will include focus groups of injured workers, interviews with
struction. As part of the research effort, a computer program whinsurance companies, union officials, employers and their repre-
incorporates the accumulated design suggestions has been deeetatives. We are also administering a survey instrument to all
oped to assist designers in identifying project-specific safety halae California COs in regards to their economic, safety, medical,
ards and to eliminate the hazards through the design process. drttelegal performance to obtain outcomes measurements.
program allows the designer to access the design suggestions by
focusing on various project components, construction site hazaf@esults to Date. Employers who have participated in COs in Cali-
or project systems. fornia have seen their WC premiums reduced on average by 10-
15%. These cuts imply that insurers expect a decline in claims
The computer program provides a user-friendly design tool tteaid/or cost per claim. Indeed, all but one claim, out of approxi-
can effectively and efficiently allow designers to apply design sugrately 1000, has not been resolved at the ombudsperson stage.
gestions to any size or type of project. The program requires ofilyis compares favorably to the state run system where 12% of all
a small amount of computer memory and storage, and is capabli#ed claims involve an application to the WCAB, and 2% actually
running on any computer with Windows and minimum hardwag to trial. If these preliminary results are sustainable, and are not
requirements. The primary users of the design tool are expecteddming at the expense of denying injured workers benefits, this
be design personnel. The program is also valuable for use in grévatized WC process may be achieving its stated goals.
demic design and construction curriculums for educating design-
ers about construction worker hazards and safety. Targeting Health and Safety Interventions and Enforcement in
Construction: “Trying to Hit a Moving Target That Keeps Chang-
Improving Benefits for Injured Construction Workers: an Alter- ing Shape™—McVittie D
native System of Workers’ Compensation in CalifornidReuben
R, Petersen JS, Neuhauser F, Echeverria C, Levine D Analysis of Workers’ Compensation Board data on all construc-
tion employers recording one or more injuries during a 6 year pe-
Background and Purpose. A common complaint about the workeeal in 3 selected regions of Ontario, Canada shows that the indus-
compensation (WC) system is the inefficient delivery of benefitsy is extremely dynamic and the injury performance of contractors
to injured workers. Workers often do not have a thorough knovig- highly variable.
edge of their treatment options, benefits are not provided in a timely
manner, and the routine disputes over medical and disability claiBemple results of data review for Hamilton-Wentworth Region ( a
are unduly costly and time consuming. These problems are magm#jor population centre located 40 miles west of Toronto) showed
fied in the construction industry since construction workers cortie following:
prise only 5% of the U.S. labor force, but account for 30% of all
WC expenditures. In some construction occupations, the empl&jgnificant Findings:
ers’ WC payments can be as high as 29% of payroll. The purpdsé&Number of firms reporting 1 or more injuries: 1139
of our study is to examine the performance of a new, privatize®l, Number of firms in (A) with active payroll in EACH of the 6
approach to WC in the construction industry called “carve-ouykars: 375
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C. Number of firms in (A) where the payroll went to “0” in or byTable—Injuries per Million Hours Worked 1988-1993
1995 (deemed equivalent to going out of business): 587

D. Number of firms in (A) where the payroll went from “0” toSize 1988 1989 1990 1991 1992 1993
some payroll in 1995 ( deemed equivalent to starting up the com-
pany during this period): 81 > 100 workers*  34.03 31.33 27.25 22.17 16.44 11.86

E. Number of firms in (A) where the payroll values went to/frorB1- 100 workers  35.28 34.55 28.69 24.99 19.34 14.40
“0", but were still active in 1995 ( deemed open/closed-variable)6-50 workers 41.47 36.85 33.34 28.40 23.74 17.57

76 16-25 workers 46.93 40.08 39.16 31.12 25.71 21.88

F. Number of firms in (A) where the company reported one 8r15 workers 46.09 41.41 40.45 34.09 27.62 26.63
more injuries but NEVER reported any payroll during this period-7 workers 47.27 43.13 40.71 36.71 34.35 29.90

20 1-3 workers 53.56 48.02 47.03 43.09 40.77 36.07

G. Number of companies in (B) where the firm generally ( 4 yeassl worker 68.70 64.20 67.84 70.06 59.32 47.90
out of 6) showed a frequency of less than 20 LTI's/million hours:

291 *worker = 2,000 hours per year based on WCB calculations from

H. Number of companies in (B) where the firm generally ( 4 yearsported payroll

out of 6) showed a frequency of between 20 and 50 LTI's/million

hours: 4 . . . .

I. Number of companies in (B) where the firm generally ( 4 yeara€SSIONn 17: Protective Clothing and Equipment

out of 6) showed a frequency greater than 50: 23

J. Number of companies in (B) where there was no consistent péew Design for Industrial Head Protection-McVittie D

formance ( no 4 years match of any criteria): 57
CSAO has developed a new design for industrial head protection.

Within the 23 firms that were consistently “higher than averag&@he design is the result of several years of field work with con-

(4 years out of 6 they had frequencies greater than 50), there vegraction workers and employers as well as technical design devel-

196 LTI's during that period and the collective frequency for th@pment. CSAO worked with the Canadian Standards Association

group for the 6 years was 114 LTI's/million hours worked, come improve the requirements for worker protection and assisted with

pared to the provincial construction average of less than 30 LTlké re-drafting of the standard and the test methods. The new de-

million hours worked. sign will be in North American markets by July '97 and it features
an enhanced retention system in the suspension as well as improved
energy-absorption/dissipation features through the use of deform-
able fins on the exterior of the shell.

The Effects of Firm Size on Injury Frequency in Construction—

McVittie D, Banikin H, Comm B Test data and the development history would be addressed as well.

Objectives. To assess the influence of firm size on lost-time injury
rates Physical and Neuropsychological Effects of Heat Exposure on

Workers Wearing Protective Clothing-Gameron W, Anger K,
Methods. Reviewed records of Workers’ Compensation BoardRésenman K
Ontario data relating injuries, manhours, payroll and firm size.

The physiological and neurological effects of heat are critical ele-
Results. Data for the period 1988-1993 clearly showed that injunents of risk to construction workers. Not only are workers sub-
frequency increases consistently as firm size decreases. ( folljget to the classic physiological effects of heat but they may also be
on data for 1994+95 show continued trends) at an increased risk for traumatic injuries. One hypothesis of this

study is that increased heat loading is associated with decrements
Conclusions. Large firms have a consistently lower frequency iofjudgement, information processing ability, alertness and main-
Lost Time Injuries compared to smaller firms. This trend is evienance of balance. Protective clothing worn by workers in con-
dent over several years and appears to be unaffected by cyclimalinated areas greatly increases the risk posed by heat exposure.
employment patterns. Several factors which may be responsible weight of protective clothing and equipment increases the work
for this effect are discussed. burden while the clothing’s impermeability reduces cooling by

evaporation and convection. Even at ambient temperature$ of 70
Significance. These findings suggest that public policy issues Feand below, active workers in protective clothing are at risk from
lating to occupational health and safety in the construction inddle direct physiological effects of heat. Worker safety may also be
try may need to be focussed on small to medium sized firms ratj@®pardized by heat-related neurological deficits. Reaction time,
than large firms. New regulations and standards which are decuracy, vigilance, and alertness have been shown to decrease
signed for larger employers ( e.g.standards with requirements whigth elevated body temperature below those at which physiologi-
may be predicated by relatively high minimum numbers of workal effects first appear. Productivity may also be significantly re-
ers on particular projects) or which are more readily implementddced. Guidelines for the control of heat related injuries among
by large firms may not yield the type of improvement sought, sina®rkers dressed in standard work clothing have been published by
the injury frequency within that group is already low. New aphe ACGIH and NIOSH has published suggested physiological
proaches to both enforcement, education and information disseménitoring criteria for workers wearing protective clothing. These

nation targeted to smaller employers are needed. recommendations have been developed from studies of young,
healthy individuals and need further validation by field tests in
Sample of data included actual working conditions.
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The Carpenters’ Health and Safety Fund, in cooperation with Michésistance to five projectiles (airgun pellets, golf balls, tennis balls,
gan State University and Oregon Health Sciences University Jasrosse balls, and baseballs).

currently conducting a field evaluation of heat stress among work-

ers wearing protective clothing. Members of the study site workforlBased on 348 lens impacts, dress and industrial lenses made from
who volunteer to participate in the study receive a baseline fitngass, allyl resin plastic, and high-index plastic all shattered at im-
test and performance evaluation prior to field measurements. pAct energies less than those expected to be encountered from the
battery of neuropsychological and neurobehavioral tests are t$t projectiles during their routine use.

ministered to each participant until a steady performance baseline

is obtained. Each trained participant’s physiological and perfdgnder the test conditions of this study, polycarbonate lenses dem-
mance status is then measured under actual working conditiondostrated greater impact resistance than other commonly used spec-
several days with naturally varying conditions of heat loading irtacle lenses that conform to prevailing eyewear standards. These
desert environment where temperatures can exce€.10&u- findings suggest that current ANSI Z87 standards should be re-
ropsychological testing, body weight, urine osmolarity, posturavaluated.

sway, and perceived physical status are measured at the start of the

day, at mid-shift and at the end of the work day. Data loggi@ession 18: Workload, Stress and Risks for In-
monitoring units measure each participant’s skin and ear canal t ﬁ‘ry in Hazardous Work Environments—

perature, heart rate, leg and arm motion, and blood pressure throgghs . - : :
out the day. Work activity is observed and metabolic work leve sPOSS cutting Research and Interventions

are established throughout the day. Ambient temperature, protec-

tive clothing use, work rate, and individual physical characteristigsProgram of Simulation Exercises that Teach and Assess Safety
are used as independent variables which are compared to physkision-Making Skills to Workers: Lessons Learned and Gen-
ological and neurological responses under stressed and unstresgalitations—Cole HP

conditions.

From 1984 until 1990 a program of 70 simulation exercises was
Evaluation of the Effects of Alternative Safety Helmet Designs irdeveloped to teach and assess coal miners critical skills needed to
a Hot Environment—bavis GA prevent and/or to cope effectively with mine emergency situations.

The simulations capture the problems and predicaments faced by
Forest workers are likely to remove head protection in hot and miners involved in actual emergency events like mine fires, explo-
mid conditions because of thermal discomfort. However, a receidns, and individual and multiple injury events to workers result-
Occupational Safety and Health Administration (OSHA) regulaag from mine machinery and mining activities. Each simulation
tion revision requires all workers in logging operations to weaxercise is based on actual injury, fatality, and disaster investiga-
safety helmets, thus creating a compliance problem. To deterntines and detailed injury surveillance data that is routinely collected
which factors contribute to forest workers’ thermal discomfort, thcross the industry. The simulation exercises were field tested with
study evaluated subjects’ physiological and psychophysical egproximately 4,000 miners in eight states and found to be valid
sponses during tasks approximating the workload of forest woead reliable devices for teaching and assessing critical skills. To
ers in a hot environment. Environmental conditions in the helndste more than 410,000 copies of the simulations have been used
dome space were also evaluated. Three helmets were used inntkiee United States and additional copies have been used in South
study: a standard helmet, a passively ventilated helmet, and anAddea, Australia, and China. Miners, their managers, and their
tively ventilated helmet. Results showed that wearing any protéealth and safety training instructors evaluate the simulations as
tive helmet did not burden the body significantly for the physbeing authentic, helpful in teaching critical thinking and problem
ological variables that were tested. Evaluation of the dome spaoésing, as challenging and interesting, and all want additional simu-
environmental conditions showed that both the dry-bulb tempefation exercises for use in future health and safety training.
ture (DBT) and wet-bulb temperature (WBT) varied significantly
between helmets tested. Psychophysical results showed that vémtim 1985 to 1988 a series of 10 similar simulation exercises was
lation can affect helmet comfort and that weight and fit are impatesigned for fire fighters and hazardous waste workers. These simu-
tant factors in helmet design. lations also worked very well. In 1996 two similar simulation ex-

ercises were designed and field tested, one with farmers, and one
Evaluation of the Relative Strength and Shatter Resistance dbr physicians to help them better diagnose and treat green tobacco
Lenses Currently Used for Street and Industrial Eyewea¥inger  sickness, a farming occupational iliness. Again, field tests revealed
PF that both simulations were effective.

This study evaluates the relative strength and shatter resistancehef Kayle's Difficult Decisions simulation exercise presents the
lenses currently used for street and industrial eyewear by meaglight of a farm family who want to expand their production by
ing the speed and energy required to fracture the lenses. purchasing a second farm, and consequently who face a series of
difficult decisions involving finances, increased labor demands,
Seven lenses (high-index plastic, 1 mm and 1.3 mm center thiakd the need to upgrade equipment for both safety and production.
ness (CT); allyl resin plastic, 1.9 mm CT; heat tempered glass, [Lie the mining simulations, the key predicaments and decision
mm CT; chemically tempered glass, 2.2 mm CT; and polycarbgieints in the Kayle's exercise are based in studies of economics
ate, 1 mm CT and 1.5 mm CT) that met the U.S. ANSI Z80 stamnd injury events in farming as well as on the actual decisions of
dards for streetwear glasses and four lenses (allyl resin plastic,faréners in similar situations. Also like the mining simulations, the
mm CT; heat tempered glass, 3.0 mm CT; chemically tempei€alyle’s exercise is engaging to farmers, rated very highly by them,
glass, 3.0 mm CT; and polycarbonate, 3.0 mm CT) that met AN&Id helps them to address issues and relationships about the long-
Z87 standards for industrial safety lenses were tested for imp@etn and great cost effectiveness of safety behaviors, a point often

38



NOIRS Abstracts

overlooked in the short-term day to day emphasis upon prodesis tested in this study is that by educating workers, owners, and
tion. operators about the losses associated with work-related injury and
illness, promoting safe work practices will be viewed as making a
Currently simulation exercises similar to those developed for mipesitive contribution to the fiscal health of the company and its
ing and agriculture are being developed as injury reduction inteforkers.
ventions for use with small companies in the construction indus-
try. A recent study of the impact of the mining simulations updnteractive simulations, as training materials, can translate key in-
that industry has identified (a) factors critical to the success of tfi@tmation into powerful and memorable mental images that are
program, (b) lessons learned from this 7-year multiagency effanore likely to change behavior than are didactic presentations of
and (c) what is and is not generalizable from the mining simulatitife same material. Simulations can provide insights to workers
exercise effort to agriculture, construction, and other occupatioaout the economic stressors they face, the associated risk of in-
These findings have the potential to influence and improve simijary, and the long-term economic consequences of both stressors
training interventions in these and other industries and trades. and injuries. Interactive training materials use step-by-step proce-
dures to elicit workers’ opinions and thoughts as the exercise
An Interactive Whole-Farm Planning Tool to Evaluate the Rela-Progresses. This form of training maintains the connection be-
tionship between Farm Financial Position and Stress and InjurytWeen the topic(s) of the training and each worker's experiences on
Risk—Isaacs S the job.

The relationship between farm planning and farm financial poditis presentation will focus on common themes present in six simu-
tion and farm family stress and injury risk is demonstrated throutflions designed to prevent falls - and back injuries. These themes
the use of a computer spreadsheet based farm planning tool. Yiide contrasted with those discovered through earlier research in
tool allows farmers, educators, and analysts to evaluate the imgiculture. In both industries, periods of high workload can lead

of alternative farm plans on net farm income, net cash flow, afffincreased stress and fatigue, inattention to regular maintenance
seasonal labor distribution. of safety equipment, short-cuts that may compromise safe work

practices, and increased risks for injury. This presentation will
The farm planning tool allows users to select up to seven crop ghow how a “!oss education” perspective considers the maintenance
terprises and five livestock enterprises. The user also specifiesgheafety equipment and the improvement of safe work practices as
number of acres for each crop or the number of head for each I@d1€cessary part of maintaining productivity and long term eco-
stock enterprise. Income and expense estimates for each enterpREAC Viability of the company.
are provided from the users’ own records or from university enter-
prise budget estimates. Similarly, seasonal labor requirements and
availability are furnished by the user or from university data sourcé$ie work crew performance model: A method for evaluating train-
Fixed costs such as taxes, insurance, depreciation, and utilitiesiBanand performance in the mining industry-Wiehagen WJ,
be allocated to specific enterprises or included as a whole-fasfieberry GT, Lacefield WE, Brnich MJ, Rethl LL
expense.

The Work Crew Performance Model (WCPM) seeks to define per-
The farm planning tool will calculate net farm income by summirf§rmance variability within similar tasks of an underground work
income and expenses across all enterprises and deducting op&f@\ and relate observed variability to a cost consequence. Perfor-
ing expenses from total farm income. The spreadsheet will afg@nce variability is described using worksite observations to de-
evaluate adjustments for family living expenses, off-farm incomi@rmine the adherence to job elements contained within a standard
depreciation, and loan principle payments to give a net cash fleerating procedure (SOP). The importance of the model is em-
for the specified farm plan. Seasonal labor availability and lagegdded within the notion that, oftentimes, the lack of adherence to
requirements are shown graphically to illustrate labor surpluses/\itten job procedures is cited or implied as a contributing factor
deficits by season. to lost time injuries.

This planning tool allows users to quickly and easily evaluate ak@Yy components of the WCPM include: 1) job definition through
compare the relative profitability, liquidity, and labor demands &sk analyses and the ranking of job elements by perceived cost
alternative farm plans. The ramifications of workload decisions tHnsequence; 2) observational techniques for establishing perfor-
result in fatigue and decreased safety performance can be expegnce baselines by measuring adherence to safe and proficient job
enced vicariously. Direct and indirect costs related to injuries aBgpcedures; and 3) cost linkages between adherence to task proce-
injury prevention can be compared, and the impact of injury é&res and measures of consequence for noncompliance.

farm solvency can be explored. A tool of this type allows farm

families to see the economic consequences of alternative plansfgpirical data was obtained through the study of shuttle car op-
fore putting them into action. Thus stresses associated with [BG@tion in an underground mine in Appalachia. It was found that

net income, negative cash flow, or labor deficiencies can be antffpserved adherence to safe and proficient job procedures by shuttle
pated and prevented. car operators matched well with the consensus profiles (measured

through a nominal group technique) with mining personnel. It was
Loss Education Through the Use of Simulations: An Examplealso found that experienced operators consistently outperformed
from the Construction Industry—Kidd P, Struttman T, Mays J, less experienced, incidental operators in each of six major task
Parshall M groups.

Loss education is the use of teaching methods to convey the cbmese findings imply potential use of the WCPM as a practical
cept that, “Safety is an investment, not an expense”. The hypagthecedure for thinking systematically about choices available to
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reduce performance variability. These choices include reduciwgrk-related fatality. These events involved 2,135 motor vehicles
workplace hazards, work organization, and training. Field appiirat were occupied by at least one fatally injured worker and 337
cation of the model might offer useful data to evaluate training anbtor vehicles that fatally struck 351 pedestrians who were work-
financially support performance improvement strategies that dag. These events resulted in 2,562 work-related fatalities. Sev-
be tested for their ability to reduce human error, thereby encouragty-one percent of the events occurred on three roadway types:
ing greater adherence to critical job elements. 27% on a state highway, 24% on an interstate, and 20% on a US
highway. Thirty-five percent of the vehicles occupied by at least
one fatally injured worker were tractor trailers, 16% were pickups,
Session 19: National Surveillance Systems  and 14% were 2- or 4- door sedans. The majority (76%) of those
killed were drivers, 14% were pedestrians, and 9% were passen-
gers. Thirty-two percent of the drivers worked in the trucking ser-
Trends in Occupational Fatal Injury Rates in the United Statesvice, 9% in construction, 5% in crop production, and 4% in justice/
(1983-1992)—Bailer AJ, Stayner LT, Reed LD, Stout NA, Gilbertpublic order/safety. Twenty-six percent of the events that involved
SJ pedestrians occurred in a construction/ maintenance zone. Thirty-
two percent of the pedestrians worked in construction, 10% in truck-
Data from the U.S. National Traumatic Occupational Fataliipg service, 7% in automobile repair, and 7% in justice/public or-
(NTOF) database were combined with data on employment fraler/safety. Of the 1,468 drivers for which blood alcohol concen-
the U.S. Bureau of Labor Statistics (BLS). The combined NTO#trations (BACs) were provided, 87% had no indication of alcohol,
BLS data were used in a Poisson regression in which the rate5%fhad BACs between .01 and .09 grams per deciliter, while 8%
occupational fatality were modeled as functions of year (1983ad BACs of .10—the legal limit of intoxication in most states.
1992), race (black, white, other), gender, age, industry and ocPuevention efforts must be emphasized to reduce the number and
pation. rate of occupational fatalities involving motor vehicles. These ef-
forts need to address risks common across all industries as well as
A decline in race-gender-age adjusted fatal injury rates is obsertesse specific to particular tasks, such as flagging in construction.
across a majority of industries (9 of 10 industries) and occupatid®&vention efforts should include education, enforcement, and en-
(9 of 11 occupations). Annual changes over 10 industries ranggakeering controls. Additionally, research efforts must continue to
from a significant decline of 5.3% per year in “public administreaddress the many remaining questions regarding risk factors and
tion” to significant increases in “wholesale trade.” Annual changése most effective strategies for reducing occupational motor ve-
over 11 different occupations ranged from a significant decline loitle-related deaths.
6.2% per year in “technological and related support” to a signifi-
cant increase of 1.6% per year in “machine operators, assemblers,
and inspectors.” In general, race-gender-age adjustments resutextinel Physician Visits and Their Contribution to the Cana-
in estimated changes that were smaller and beyond demograpiae Agricultual Injury Surveillance Program (CAISP)-Alberg
characteristics of the worker population. While this finding is emtNM
couraging, the increase of fatal injury rates in particular industries
and occupations suggests that efforts to improve workplace saletyl996, a collaborative organization representing agricultural
should continue. groups, government agencies and academics was established in
Canada. With a mandate to develop a sustainable and national
surveillance system for injury-related farm fatalities and hospital-
Occupational Deaths Associated with Traffic-Related Motor Veizations, CAISP is also tracking the progress of out-patient sur-
hicle Crashes: 1990-1992Kisner S, Jenkins EL veillance projects in three provinces.

Occupational injury surveillance systems consistently indicate thatManitoba, sentinel physician offices are used to track out-pa-
motor vehicle crashes are the leading cause of work-related deggmt visits for agricultural injuries and illnesses. These out-patient
Data from the National Traumatic Occupational Fatalities (NTOHgta complement provincial hospitalization and fatality statistics
surveillance system indicate that traffic-related motor vehicle ingithich have been monitored since 1983. The additional data fill
dents accounted for 13,017, or 20% of all work-related fataliti@sportant gaps, including the identification of patterns unique to
from 1980 through 1989. To better describe these occupatioflabsses and non-trauma injuries. All three levels of data, out-
fatalities, data from NTOF were matched with data from the Fatadtient to fatality, demonstrate the unique “workplace” risks of the
Accident Reporting System (FARS) for the years 1990 througbuth and elderly members of the farm population.

1992. This study identifies the industries and occupations with the

highest numbers and rates of worker deaths associated with traffigtrapolation of this regional surveillance to the provincial scene
related motor vehicle incidents, summarizes the characteristicesfimates that for each hospitalization recorded, there are another
the events, vehicles, and persons involved in these incidents, 2025 cases seen in out-patient settings.

identifies areas for future research and prevention efforts. NTOF

is a death certificate-based surveillance system that includes odsnalysis of out-patient data in Manitoba, coupled with fatality and
pational injury deaths to workers aged 16 years and older and FARSpitalization data from the CAISP program, can provide com-
is a census of fatal traffic crashes with data abstracted from nuiehensive surveillance of agricultural injury events on a popula-
tiple sources, including police records and coroner/medical exation basis. We consider this a vital step in the development of
iner reports. Because the FARS data includes detailed informatiigjury prevention programs in our province. This presentation will
for traffic-related incidents not included on death certificates, tloeitline the methodology used in the development of these surveil-
NTOF data were matched with the FARS data to better describace systems, and highlight examples that have assisted us in our
these fatalities. There were 2,474 events that involved at least prevention efforts.
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Fires and Explosions Resulting in Fatal Work InjuriesWindau Adolescent Occupational Injuries: Texas, 1990-1996eeper SP,
J Burau KD, Robison BS, Fraser JJ, Schnitzer P, Richardson S

Each year, 200 workers are killed by fires and explosions. Wh@eir understanding of adolescent occupational injury in Texas is
other major causes of fatal work injury declined in number froourrently at an early stage. Injury data related to adolescents in the
1994, deaths due to fires and explosions increased slightly dunmaykplace are scant and fragmented in Texas, as they are in most
1995. These incidents often result in multiple worker fatalitiestates. Investigators used three data sources to describe injuries to
This study will use data from the Census of Fatal Occupationabrking minors in Texas: (1) injuries and illnesses among work-
Injuries to profile fires and explosions responsible for worker deatlrsy youth 14-17 years of age reported to the Texas Workers’ Com-
Discussion will include the types of substance or equipment jmensation Commission (TWCC) from 1991 through part of April
volved; the industries and occupations affected by the various tyfi896; (2) 1993 TWCC/Bureau of Labor Statistics (BLS) Annual
of fires and explosions; and the worker’s activity at the time of ti®irvey of Occupational Injuries and llinesses for youth 15-17 years
incident. The Bureau of Labor Statistics fatality census uses mol-age; and (3) work-related fatalities identified from Texas death
tiple data sources to identify, verify, and profile fatal work injueertificates from 1990-1995 for adolescents 11-17 years of age.
ries. Information about each workplace fatality, such as occupdest of the cases involve injuries rather than illnesses and are re-
tion and other worker characteristics and circumstances of the eviarted to as injuries below. There were 9,027 injuries reported to
is obtained by cross-referencing source documents, including deagn TWCC for adolescents 14-17 years of age during slightly more
certificates, workers’ compensation records, and investigation ahen five years. Most of the injuries were among older teens 16 and
other reports from Federal and State agencies. This methodl&syears old (93%); yet the 671 injuries to younger working chil-
sures counts are as complete and accurate as possible. dren 14-15 years of age should not be discounted. Sixty-five per-
cent of the injuries occurred among males. Injuries for which in-
. . .. demnity payments were made (i.e., more than 7 days out of work),
Session 20: Surveillance of Adolescent Injuries 4q an indicator of more severe injuries, occurred among 1,958 ado-
lescents (21.7% of the total group). Injuries resulting in permanent
Work-Related Injuries to Massachusetts Adolescents: Findinggmpairment represented 3.4% of the injuries (range of permanent
from the Massachusetts SENSOR ProgranBavis L, Frank E  impairment=1 to 100%, median=5%). Eighty-seven percent of these
received Temporary Income Benefits for two or more weeks.
Work-related injuries to adolescents are significant public health
concern. During the last five years, the Massachusetts Departnmiedtistry, occupation, and detail about injury codes were missing
of Public Health has been working to build a comprehensive stor a large number of these young claimants, making interpretation
veillance system to document and ultimately prevent work relatefithe industry/occupation and type/cause of injury results unfea-
injuries to children in the state. In 1992 the Department passdiole. Therefore, a second data source, the 1993 TWCC/BLS An-
regulations requiring physician and hospital reporting of occupaudal Survey, was accessed to better describe injuries by industry/
tional injuries to persons less than 18 years old. Physician and teassupation, nature, and cause. In 1993, of 992 non-fatal injuries
pital reports together with workers’ compensation claim data (thevolving days away from work, 347 (35%) were caused by con-
“primary” data sources) are used to identify cases. Follow-up iact with objects (mainly struck by object), 267 (27%) by bodily
terviews are conducted with a subset of cases to systematicedlgction (mainly overexertion in lifting), and 24% by falls.
collect information about the incident and a range of other factors,
including period of disability, health and safety training, and s@wo-thirds of the injuries occurred while working in eating and
pervision. Select cases are referred to other government agendigsing places and grocery stores. Forty percent of the injuries
for worksite follow-up. These include the Occupational Health amdcurred in food preparation occupations (primarily due to being
Safety Administration and state and federal agencies responsgiteck by an object, falls, or overexertion in lifting), and 18% oc-
for enforcement of child labor laws. curred in stock handlers or baggers (mainly due to over-exertion or
being struck by an object). Half of the injuries were sprains/strains/
From March 1993 through March 1997, over 2,000 cases wéears or cuts/lacerations occurring primarily to the back, fingers,
ascertained and 298 follow-up interviews were completed. In tlied hands.
presentation, primary source data will be used to describe the dis-
tribution of cases by basic demographic and employment charAdetal of 30 deaths due to unintentional injury and homicide were
teristics (age, gender, industry, and occupation sectors) geograjdeatified from death certificates for 1990-1995 with the injury-at-
region and nature of injury. Injury rates based on employmembrk box checked “yes”. The majority of the deaths involved males
data from the 1990 Census will also be presented. Findings will[@8%) and older adolescents 16-17 years old (80%). Approximately
compared with data on occupational injuries to teens in Massactiuee-quarters of the deaths were accounted for equally by motor
setts reported by the Bureau of Labor Statistics Annual Surveyvehicle (37%) and homicide (37%). All 11 homicides involved fire-
Occupational lliness and Injuries. Follow-up interview data wiirms.
be used to more fully characterize tasks/processes and equipment
associated with work-related injuries to children as well as the ér-conclusion, we have documented a substantial number of ado-
tent of health and safety training, lost work/school time and supkrscents who are injured or killed in the workplace each year in
vision. The Massachusetts Department of Public Health’s expéfexas. Although improved population-based surveillance is needed,
ence collecting occupational injury data from hospitals and phyprevention efforts, based on existing knowledge, should be sup-
cians will be discussed as well as uses of the data for targefugted.
innovative intervention efforts.
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The Downside of Teen Employment: Hazards and Injuries Amongseveral hypotheses: 1) working students would incur injuries; 2)
Working Teens in North Carolina—Eversen CT, Schulman MD, weekly work hours would be positively associated with incidents
Runyan CW, Zakocs RZ, Dunn KA of injury; 3) the probability of injury would be greater for males,
seniors, racial/ethnic minorities, and students whose parents had
Objective. Understanding how work experience impacts the presepobrer educational backgrounds than for females, sophomores,
and future well-being of working teens is a central issue for socighites, and students having parents with more extensive educa-
scientists. Claims as to whether work is a positive or negatitens; 4) specific types of jobs would be associated more frequently
experience for teens are based on research about behavioral {eitn,work injury; and 5) specific types of injuries would occur
drug and alcohol use, delinquency), occupational (e.g., adult mere frequently in employed students.
come, occupational aspirations and achievement), and social psy-
chological outcomes (e.g., alienation, cynicism, overall life satistethods. Anonymous surveys were conducted in 10th and 12th
faction). However, the debate about the consequences of youth wygrdde student’s regular classrooms in May of 1995 (n=3,441). Stu-
tends to neglect the public health research on the occupatiateits representing 23 schools in 29 school districts in 14 counties
hazard exposures and injuries of working adolescents. We argemorted typical weekly work hours, prevalence of injury, type of
that the debate about the consequences of work for adolescent wgliry, and type of job when the injury occurred.
being needs to include analyses of the occupational health expo-
sures and injury experiences of working teens. Results. Twenty-eight percent of employed students reported ever
sustaining an injury while working (n = 505). A dose response
Methods. In 1995, we conducted a state-wide telephone surefgct was observed where increasing hours of weekly work were
(N=572) of teens age 14-17 years, and in 1996, we re-intervievgghificantly related to injury (1-10 hours, the referent, Odds Ratio
a sub-set of the same teens who currently worked restaurantgo&®] = 1.0; 11-20 hours, OR = 1.6, {Cl = 1.0, 2.0}; 21 + hours,
food service, grocery stores, and retail establishments. Teens vi@iRe= 1.9, {Cl= 1.3, 2.5}). The likelihood of injury for seniors and
asked questions about the general tasks they performed at woréles (OR = 1.0 for both) was greater than for sophomores (OR =
their exposure to a variety of hazards (both equipment-based ar&] Cl = 0.7, 0.9) and females (OR = 0.5, Cl = 0.4, 0.6). Hispanics
task-based), their safety concerns, any training they received(OR = 0.7, Cl = 0.5, 0.9) were less likely to be injured at work than
the job, and types of injuries they suffered. the referent, other races/ethnicities combined (OR = 1.0); whites
(OR =0.9, CI =0.7, 1.3) were not different from the referent. No
Results. Analyses show that teens worked an average of five modifferences in injury probability were noted by parent education or
at their present job for an average of four days per week. Althoumhrace/ethnicity and parent education. The univariate odds ratios
most teens (94%) reported that they wanted more safety traininfpatinjury for restaurant (4.5), agricultural (4.3), and construction
work, only half (54%) reported ever receiving training on how tawork (4.3) were greater than for factory (3.4), yard (2.5), and retail
avoid injury. We found significant gender and industry differwork (2.1) compared to babysitting, the referent (1.0). Punctures/
ences in general work characteristics, exposure to several classés (27% of all injuries) followed by shocks/burns ( 22%) were
of hazards, and the number of types of injuries. Consistent wéimong the most common injuries in working teens; these injuries
previous research on the gendered division of labor, we find tinabst frequently occurred during restaurant work in both cases (33%
males in all three industries tended to work with “things” (e.gof punctures/cuts and 65% of shocks/burns occurred during res-
ovens, dishwashers, fryers, produce, grocery carts) while femaksrant work).
worked with people (e.g., as cashiers, hostesses, sales people).
Teens working in restaurants reported significantly greater exg@enclusions. Among working students, employment for more than
sure to hazards and significantly more types of injuries than 20 hours weekly during school increased the likelihood of injury.
their counterparts who worked in grocery or retail stores. Parents, educators, health professionals and policymakers should
continue to supervise the number of weekly hours that students
Conclusions. We conclude by emphasizing the importance of plamrk during the academic year.
ing occupational hazards and injuries within the context of the
gendered division of labor, the labor process of the industriesd . . . Lo .
which teens work, and the general debate about the impact of W§?§SSIOI‘] 21: OCCUpatlonal Injurles in Health
on adolescent well-being. Care

The Prevalence and Patterns of Occupational Injury in SouthThe Growing Epidemic of Traumatic Injuries In the Healthcare
Texas High School StudentsWeller NF Sector—Borwegen B

Introduction/Objectives. Work is a common feature of adolesceFtie healthcare sector is fast becoming the nation’s most dangerous
life in the United States today. Increasingly, full-time high schoaidustry. The healthcare sector employs over 9 million healthcare
students are working longer hours during the school year placimgrkers, having grown by 3 million workers between 1980 and
them at risk for occupational injury, already documented as a sd992. 700,000 healthcare workers suffer an injury or illness each
stantial public health problem. Few studies, however, have examaar, a doubling of the number of injuries and illnesses in the past
ined the relationship between work injury and weekly work integlecade. The healthcare sector now reports more injuries and ill-
sity in employed students. Further, no known studies have desses then any other sector of the economy. The rate of injury has
scribed occupational injuries in students from rural locations in thereased from around 6 per 100 workers per year to 10 workers
Southwest, where Hispanic and economically-disadvantaged sier 100 per year over the past decade. The segments of the
dents, who might be expected to work long hours, are heavily réygalthcare sector with the fastest growing employment are also
resented. This paper describes the prevalence and patterns of aqueriencing the highest and fastest growing injury rates. In nurs-
pational injury in South Texas high school students.We exploried) homes for instance, the rate of injury increased again last year
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up to 17.8 per 100 workers per year, a higher rate than that for deéciency in the knowledge of non-fatal work-related violence and
for steel workers or construction workers. relevant risk factors for both fatal and non-fatal events. The pur-
pose of this effort was to identify the magnitude of the problem
Yet, the healthcare sector remains literally decades behind othed related risk factors within a major occupational population (li-
sectors of the economy in addressing or even recognizing their aensed registered and practical nurses).
workers’ occupational health and safety hazards. Think about it;
what other sector of the economy would permit one million punthe research design employed a retrospective cohort involving the
ture injuries to occur each year? | am referring to the continueobulation of all registered (n=3D 52,590) and licensed practical
use of an outdated technology, the use of inherently danger@us3D 23,204) nurses who worked in the state of Minnesota be-
unguarded syringes. Yet hundreds of safer products are nowtwaen January 1, 1995 and June 30, 1996. A nested case-control
the market which could essentially eliminate these injuries addsign was used to examine the relation between potential risk fac-
deaths. tors and work-related assault injury events; exposures including
environmental design, protective strategies, administrative policies,
This is but one of the many hazards causing traumatic injuriesctaaracteristics of potential assailants in the workplace, as well as
healthcare workers. In the area of ergonomic risks, hospitals peesonal characteristics of the victims, were examined. Cases were
the leading and nursing homes are the second leading workplabese persons who filed a workers’ compensation claim, associ-
involving the number of nonfatal occupational injuries and illnessated with work-related assault injury during the study period. Con-
involving days away from work from back injuries. Yet, againrols were selected, according to practice type (registered nurses
like needlestick injuries, we know the solutions. With the intrar licensed practical nurses), from the population at risk during the
duction of safe staffing levels and mechanical lifting equipmerstudy period, using a random sampling method.
nursing homes have seen dramatic declines in both injury rates and
workers compensation premiums. Based on knowledge from previous published research efforts and
knowledge of injury mechanisms, a conceptual model for risk fac-
Looking at workplace violence BLS statistics show us that 38% tafrs for work-related assault injuries among nurses was developed.
all non- fatal workplace assaults which result in lost workdays o&ecording to this conceptual model, data collection instruments
cur in the healthcare sector, including 24% in nursing homes amere developed to obtain exposure information from both cases
11% in hospitals. When looking at all non- fatal workplace aand controls. Cases were questioned about their exposures prior to
saults resulting in lost workdays, nursing aides and orderlies ared during the incident. Controls were questioned about their ex-
the leading victims, incurring 27% of all attacks, compared to 7p6sures on a randomly selected time from the study period to pro-
for police and guards. And in 48% of all nonfatal workplace agide the person-time exposure information.
saults across all industries, the assailant is a healthcare patient (com-
pared to 8% for a co-worker) BLS 1994 data. The conceptual model was also used to identify potential confound-
ers for specific risk factors. Multivariate analyses, using logistic
There are a wide variety of reasons why this situation has beegression, enabled modelling of the dependence of assault inju-
allowed to continue including: a misperception of self regulatiaies on the exposures of interest and confounders.
by the JCAHO, a difficulty by society in accepting the reality that
a predominately female population could work in such a hazatditial univariate logistic regression analysis (including 63 cases
ous environment, the fact that the focus in healthcare is on cuaad 415 controls) identified the following variables as potentially
tive, not preventative medicine, and that the workplace focus isiorportant risk factors: environmental exposures including the type
the health of the patient, not on the worker. Finally, a low unioof the facility, ownership of the facility, type of department/unit,
ization rate has lead to a lack of power by healthcare workerstype of shift, proportion of hours worked in direct patient contact,
pressure management to improve these conditions. and the number of patients assigned; patient characteristics includ-
ing: mental status and length of stay in the facility; and personal
Yet the biggest threat faced by healthcare workers has yet to tekaracteristics of victims including: training, previous assault his-
full effect; the threat posed by changes in work organization. Tioey, and ever having withessed assault in workplace. Several en-
impact of managed care and healthcare restructuring is only begirenmental security measures were identified as potential protec-
ning to be measured, and the data is quite alarming. The new fae factors. Through initial multivariate analyses, the following
tors exacerbating this situation include downsizing, deskilling/colere identified as important risk factors: patient mental status;
lapsing of job titles, caring for more patients of higher acuity leyatient length of stay in the facility; working alone; and prior train-
els, and the corporatization and gobbling up of non-profit facilitiésg. The presence of video monitors and security personnel were
as management’s focus continues to shift from the quality of pdentified as important protective factors. Rate ratios ranged be-
tient care to maximizing profits. tween 2.2 and 18.5 for risk factors and between 0.2 and 0.35 for
protective factors, with respective confidence intervals excluding
Environmental Risk Factors for Work-Related Assault Injuries one.
Among Nurses—tee SS, Gerberish SG, Maldonado G, Waller L,
Zaidman B, Kochevar L, Anderson A, McGovern P, Lohman WHhis is the first such comprehensive effort, including a major ana-
Parker D lytic component, to investigate the problem of assaults among
nurses. Through this endeavor, specific risk factors for this impor-
Within the realm of violence, work-related violence has recenttgnt problem have been identified. This information serves as a
been recognized as a major problem. While there is an emerdiagis for the development of appropriate prevention and control
literature pertinent to work-related homicides, there is a serictsategies.
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Selection and Installation of Sharps Disposal Containers inlifting/carrying/loading/unloading patients (54%), patient care
Healthcare Settings—Kasting C, Mullan R, Martin L (18%), exiting/entering/inside the ambulance (14%), and other ac-
tivities (14%). Reported types of injuries sustained included back
Aim. To provide criteria for selection of the appropriate sharpsjuries (38%), sprains/strains (11%), lacerations (9%), broken
container, based on a site specific hazard analysis and to prowidees (7%), contusions (4%), and other injuries (7%). Also in-
recommendations for the installation height for the sharps dispodlalded were one joint dislocation, one exposure to blood, and one
containers (SDC). needle stick. Thirteen percent of the respondents indicated two in-
juries and it is not clear whether or not they were related to the
Methods. Criteria for the design, selection, and appropriate usesafe incident.
SDCs have been developed. These criteria include: design per-
formance criteria, placement, use, disposal, and “model” select®aventy-six percent (34) of those injured felt it could have been
criteria. Maximum and minimum height dimensions for two degrevented. The most common ways reported to prevent the injury
sign situations (standing or sitting) were calculated based on amre better lifting techniques or training, paying better attention
thropomorphic tables to accommodate 95% of all adult femateenvironment, partner, and patient, and obtaining more assistance.
workers.

Respondents who indicated concern for hazards or injuries while
Results. The basic formula is: fixture height = (level eye heightpn duty were most concerned with exposure to infectious diseases
(tangent 15°)(maximum thumb tip reach, MTTR). The middle 50%uch as HIV, Hepatitis, and TB. Few respondents indicated that
distance of the MTTR was used to adjust for elbow and wrist benpdhysical injury was a concern.
ing and other human behavior variations. If level eye height is
assumed to be 57 inches and the modified MTTR is used, the raBgéety equipment indicated by respondents as either provided or
of optimal installation heights for fixed, wall-mounted SDCs is 5&quired included gloves (91%), eye protection (88%), helmets
to 56 inches from the floor for a standing workstation and 38 to #421%), turnout coats (46%), bunker pants (39%), coveralls (34%),
inches for a seated workstation. Health-care workers should be avld hip boots (26%). When respondents were asked if they felt
to comfortably visualize the SDC, and containers should be tbat the use of protective equipment may have prevented an injury,
cated within arm'’s reach. only 39% percent agreed. However when asked if the use of pro-
tective equipment did prevent a potential injury, 57% agreed.
Conclusion. The selection and use of SDCs installed within an ac-
ceptable range can facilitate the reduction of sharps-related inenclusion. EMS personnel are experiencing injury from lifting/
ries within the health-care facility. carrying/loading/unloading patients. The areas of injury include
strains and sprains of the neck/shoulder, back, and legs/knees. EMS
Work-Related Injuries Among West Virginia Emergency Medi-personnel surveyed are concerned about exposure to infectious dis-
cal Services ProvidersBerk S eases as well. The use of protective equipment and an increase in
physical fithess and training may reduce exposures to infectious
Introduction. Emergency Medical Services (EMS) personnel mdiseases and the number of injuries sustained.
encounter hazards as they care for patients in a prehospital setting.
Concerns such as infectious disease exposure, physical violddaenan Factors Techniques to Reduce Injuries in a Hospital
against them, and personal injury given circumstances and sitBavironment—Wolf LD
tions of the scene are present as EMS personnel do their duties.
This presentation will discuss the following three techniques that
Purpose. The purpose of this study was to collect data concernisgd human factors methodology to reduce the cost of injuries in a
injuries, safety equipment availability and usage, and safety cderge urban hospital: 1) Training and Intervention by Professional
cerns of EMS personnel. Ergonomists, 2) Implementation of Participatory Teams to Reduce
Injuries, and 3) Ergonomics Component in a Wellness Program
Methods. A convenience sample was obtained at the 1994 West
Virginia EMS Conference. The questionnaire was adapted fronTechnique #1: Training and Intervention by Professional Ergono-
survey done by the New Jersey Trauma and EMS Research Centests
University Hospital, Newark, NJ. The survey instrument askdétlirpose. To evaluate the effectiveness of an educational and work-
EMS personnel regarding injuries sustained, safety equipment avgidition redesign intervention on workers compensation costs and
ability and usage, and demographic questions. productivity in an office setting.
Method. 117 workers employed in a hospital setting received train-
Results. Of those participants at the conference 133 returned comg-in ergonomic issues and an evaluation of their workstation.
pleted surveys. Respondents were from county EMS (45%), hdgerkstation changes or purchases as recommended followed each
pital-based EMS (12%), fire departments cross-trained (21%jYaluation. Subjects received a baseline survey and follow-up sur-
municipal EMS (7%), state EMS (6%), fire department civiliameys at 5 months, 1 and 2 years. Workers’ compensation costs and
(5%), and other EMS (4%). Of the 133 respondents 48% wgm®ductivity measures were evaluated.
paid/volunteers, 35% were volunteers only, and 17% were paid
only. Eighty-six percent were trained in both basic life suppoFechnique #2: Implementation of Participatory Teams to Reduce
and advanced life support. Injuries

Sixty-five percent of the respondents indicated they had never b&empose. To reduce injuries among health care workers through
injured, the remaining 35% reported sustaining at least one injting implementation of Employee-Management Advisory Teams
while on duty. Activities reported during time of injury include(EMATS). This is a team of employees and supervisors that iden-
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tify problems and solve them with ergonomics. This is one of tkien and the average, actual performance of the task was less than
first documented programs to use participatory ergonomics ptbe natural variation when a skilled human performed the same
grams to reduce injuries among health care workers. task several times, the model was considered to be operating at an
Method. Three EMAT groups were formed among employees ofieceptable level of accuracy.
large urban hospital. The EMATS represent three different worker
groups—orderlies, intensive care nurses, and laboratory technicidree elbow and shoulder angles were more extreme at the in-plant
Each group consists of 4-6 members plus technical advis@aw height than at the OSHA-recommended height. When the work-
Baseline, one year, and two-year follow-up data will be availaldéation was changed to the OSHA height, the back bending be-
for this presentation. came more severe. The worker had to bend over more to see the
blade at the OSHA height. Animation software was used to create
Technique #3: Ergonomics Component in a Wellness Programa three-dimensional model of the workstation including the saw,
Purpose. To reduce workers’ compensation costs and improve stand, chain conveyor, bag and bag holder, and the conveyor for
ployee comfort. holding the filled bags. Three-dimensional human models were
Method. A team of novice technicians will provide ergonomic seacquired and modified to match the measurements of the workers.
vices for as many employees in the hospital system as possible in
one year. Records of the quantity and type of intervention will Beworkstation design was needed where the saw’s guide bar could
recorded. Workers compensation costs and injury rates will méa-lowered to reduce shoulder and elbow movements, and still al-
sure success. Four-month data will be available for this preserav the worker to see the blade as it cut the chicken. This was
tion. accomplished by lowering the saw and rotating the guide bar. Ro-
tation angles of 10, 20, and 30 degrees were evaluated. An angle of
Results. Discussion of all three techniques will include impact tH2Q degrees was found to produce the most ergonomically desirable
ergonomic interventions had on workers’ compensations costs,donfiguration. The average rotation angles for the elbows, shoul-
jury rates, self reported symptoms, pain and comfort ratings, cod¢ss, and back were all reduced.
per injury, and productivity.

Mining Equipment Safety Analysis Using Computer Modeling

Conclusion. A comparison of three very different techniques (I?Fsearch Tools-Ambrose DH
implementing human factors principles with hospital employe

will be evaluated. Technique #1 with professional ergonomist
has been proven but can be too costly for some interventions. T&

nique #2 using participatory teams can work in some settings BY . .
does not seem to be successful in areas with direct patient Con{g&_evaluate, and determine changes that need to be made to min-

Technique #3 is still under investigation but has promise due to {d Equrp?nt (ér humarr: |nt§ractlondW|t:1 thg e%wptment tto prowded
combination of approaches that will be implemented. worker safety. Comprehensive accident or incident reports are use

to developed an accurate visual 3D computer graphics representa-

Session 22: Computer Simulation and Model- tion of accidents/incident, including the equipment, environment
and worker. Computer simulations are used to analyze the acci-

OSH, Pittsburgh Research Center recreates and analyzes mine
idents and incidents involving mining equipment using 3D com-
er graphics modeling research tools. The objective is to exam-

Ing dent/incident to predict equipment problems that have contributed
Ergonomics Analysis Using Computer AnimationSistler F, toward the accident/incident. The human interaction with the equip-
Waly SM, Husser R ment is also analyzed using simulation software. Software pack-

ages DADS and JACK are used for simulation and analysis. This
Computer animation was used to perform an ergonomic analy@aper discusses several completed examples of the use of 3D com-
and re-design of an eight-piece, cut-up saw workstation in a poRiiter graphics modeling research tools, specifically with mine hoist
try processing plant. The joint angles of the upper extremities aitf elevator systems and underground coal mine roof bolter ma-
the back were measured for the existing workstation configulﬁ‘e{lines-

tions and for the OSHA recommended height. Both situations Cggccupational Traumatic Injury Prevention Using Virtual Real-
ated undesirable joint angles during some portions of the cutiyp _potson B, Hsiao H, Chiou SS, DiPasquale JJ
operation. The OSHA recommended height was not acceptable

because the worker had to bend too far to view the blade as it \fathe area of safety research, it would be useful to measure the

cutting the chicken. physical responses of workers in their work environment. The

) o _ physical response data could then be used to compose recommen-
A three-camera video digitizing system was used to collect joitions to achieve safer work environments. In many cases this is

angle data to analyze the tested configurations and to vaIidateﬁngossime due to various problems. One such problem is that the
accuracy of the animations. Data was collected on three workgreasurement systems may not function properly in a work envi-
each with several years’ experience on a cut-up saw workstatigfhment. Another concern, is that using the measurement system
The shortest, tallest, and an average-size worker were used. Eﬁgp add risk of injury to an already dangerous job. At the Na-
was measured at the present in-plant configuration (3-4 inches ab@yey| Institute for Occupational Safety and Health (NIOSH), re-
OSHA recommended height), at the OSHA height, and two inch@syrchers are looking at a solution to this problem, where the sub-
below the OSHA height. The standard deviation between the jojgét is placed in a computer generated virtual environment. This
angles in the animation and the actual worker movements was lgggtion uses state-of-the-art virtual reality devices to give the sub-
than the standard deviation of the joint angles among the chick@ﬁ the illusion of being in a work environment. Using virtual
cut by the same person with the same saw configuration. Thgfgironments alleviates the space constraint problems that physi-
was a natural variation of motion when a person performed g mockup may have, but most important is the reduction of the
same task multiple times. Since the variation between the anifgk of injury for the subject. NIOSH researchers are using virtual
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reality in a study which investigates the physical responses of séafthe number of corporate agricultural operations that rely on non-
fold workers while walking on elevated planks. The subjects family labor. Since the farm crisis of the late 1970’s and early
this study will be immersed in a virtual environment that will prot980’s, this trend has accelerated with an increasing number of
vide the illusion of being elevated thirty feet above the ground, tfamily farms either “down-sizing” to become part-time farming
in reality the subject will be walking safely on the floor in the labaperations or “up-sizing” to become family corporations. There
ratory. This paper describes the current project using virtual refzds also been a trend for operations that have remained primarily
ity and ideas for future projects using virtual reality. family-run businesses to become increasingly reliant on non-fam-
ily labor to remain competitive and to meet production demands.
Computer Simulation of ROPS Testing in ASAE S51®4arris  Furthermore, more and more states now require that agricultural
JR, Mucino V, Etherton JR, Snyder KA, Means KH employers carry workers’ compensation coverage on their employ-
ees.
The American Society of Agricultural Engineers (ASAE) is one
professional society which has developed a standard for certifid&ese circumstances afford an ideal opportunity to reduce the agri-
tion testing of rollover protective structures (ROPS) on agricugultural death and injury rate by working with agricultural organi-
tural tractors. Certification of a ROPS can be performed followiFgtions (The Ohio Farm Bureau, The Ohio Pork Producers Coun-
static procedures in the current standard, ASAE S519. This @8- and the Ohio Division of the National Organization of Inde-
search simulates rollovers about the rear axle and compares RP&8lent Business) who have workers’ compensation programs. A
stress levels with stress levels found during simulated ASAE Sg8gdom selection of farms was conducted from a population of
static testing. 1,700 employers. The Ohio State University provided safety infor-
mation and training materials for employers to provide short, fre-
The ROPS modeled in this simulation is representative of one tBegnt safety training for their employees. Half of these individuals
might be found on small tractors (~50 hp PTO) operated on a hiife in the treatment group, half in the control group. A representa-
side. Modeling has been performed using finite element techniquis sample (90) of employers in both the treatment and control
Variables describing the ROPS construction, such as part dim@feups were selected for on-farm inspections of worker protection
sions and materials, have been parameterized to allow rapid sigfiipment, shielding, etc. A pre- and post-safety awareness test
lation of a variety of ROPS prototypes. Additional variables invas also developed and administered to both the treatment and
clude the ground slope and the tractor’s initial rotational velocitgontrol groups. In addition, accident history prior to the one-year
For the current research, slope angles of 10, 30, and 60 degtesing period was collected to document pre-treatment accident
were examined. Initial rotational velocities included 1, 3, andrate. This approach will validate the use of employer training pro-
rad/sec. A slope angle of 60 degrees matches the slope recf@ms in the agricultural industry for improving cognitive, attitu-
mended in ASAE S519 rear field upset tests. An initial rotation@inal, and behavioral characteristics of employers and employees
velocity of 4 rad/sec, when converted to a pure translation, isifhfarming operations.
excess of the speed recommended for the ASAE S519 rear field
upset test.

Livestock-Related Injuries Associated with Cattle Handling in
Initial analyses began the rear rollover model at 90 degrees to @dahoma—Huhnke RL, Hubert DJ, Harp SL
ground plane since ROPS-ground contact occurs in the final 90
degrees of rollover. Furthermore, this initial position served #1993 study by the USDA’s National Agricultural Statistics Ser-
conserve computer time and storage space. For these simulationg,showed 26% of the work-related injuries that occurred on U.S.
it was observed that ground-impact induced stress levels recortigths were sustained while working and handling livestock. A
during rear rollovers were on average 19.4% lower than stress 18994 NIOSH farm injury study conducted in Oklahoma revealed
els recorded during simulated static ASAE S519 testing. Hottat greater than 75% of all lost-time injuries were from handling
ever, these simulations failed to identify slope angle as a maj@ef, sheep, and swine. Animportant consideration in this investi-
contributor to ROPS stress. The rear rollover model was modifigation of livestock-related injuries is whether (and if so, how) han-
to initiate the rollover at the point of no return, when the tractdfing equipment and working facilities contributed to the sustained
center of gravity is vertically above the rear axle. Starting the siniojuries. The purpose of this study was to assess the hazards asso-
lation at this point will model the energy transfer during the ovegiated with animal handling in a cow-calf operation. This research
turn, from potential to kinetic, more accurately than the previowgs funded by the Southwest Center for Agricultural Health, In-
simulation. Preliminary examination of these data suggests iy Prevention, and Education at the University of Texas Health
new simulation identifies a more pronounced slope angle effect@enter at Tyler.
ROPS stress.

Over 6000 Oklahoma cow-calf operators were identified through a
Future work will include development of models for side rolloverg@ndom sample from the population of more than 60,000 opera-
based upon knowledge gained in rear rollover simulation worktors. Individuals identified were mailed injury survey cards in-

quiring whether they or an individual associated with their opera-
Session 23: Agricultural Injuries tion were injured while working cattle during 1996. In addition,

producers were asked whether they would be willing to participate
The Ohio Agricultural Safety Promotion System (ASPS), 1994in a voluntary personal interview. Based on the information ob-
1997—Ficher LC, Bean TL, McCaslin NL, Nieto R, Owens Mtained from the initial mailing, researchers identified willing par-
Nolan J, Rodriguez J, Wessel P ticipants and potential candidates for interviews. Selected indi-

viduals were then interviewed by either a county agriculture exten-
Many farms in the United States continue to be family-run opersion agent or one of the researchers. All in-person interviews were
tions. However, over the last fifty years, there has been an increasmpleted within about a two-month period ending May 15, 1997.
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Information presented will include the frequencies, types and gketerminants, none involving large numbers of African-Americans
verity of injuries incurred; and to what extent the physical desigAA) farmers and none in the Deep South. We conducted a popu-
and/or operation of cattle handling equipment and facilities coation-based prospective study of farm-related injuries among farm-
tributed to the occurrence of injuries. ers in Alabama and Mississippi. The research objectives were to
evaluate the determinants of agricultural injury and to compare them

Women in the Fields: A Comparison of Injuries in Kentucky among Deep Southern AA and White (W) farmers with the goal to
and Texas—Browning SR, Westneat S, Reed D, Skarke L identify ways to reduce farm injuries.

Women are a vital labor component on family farms yet little [gesearch Hypothesis. The hypotheses of interest were that there

known about their risk for occupational injuries in the farm enviye differences in injury rates and specific differences and similari-
ronment. Data from studies completed in Kentucky and Texas ifds of the determinants between W and AA farmers.

low us to perform cross-state comparisons of overall, farm and non-

farm injury rates, to examine the circumstances associated with{f@hods & Research Data. Between January 1994 and June 1996,
injury event, and to describe the characteristics of women sustgjrhopulation-based sample was obtained through state agricultural
ing these injuries. statistics services databases and local recruitment. A total of 1297
male farmers from nine rural counties with a large AA population
Data from both states were collected through NIOSH-sponsoigére enrolled and completed a questionnaire on demographic and
projects: the Farm Family Health and Hazard Surveillance Projegtming characteristics. Subjects were contacted every six months
in Kentucky and the Texas Panhandle Family Farm Health afgough January 1997; the response rate was 92%. Frequency dis-
Injury Survey in Texas. In Kentucky, a two-stage cluster desigibutions were used to generate descriptive statistics. Cox propor-

was employed, with a random sample of women living on Kefional hazards models were used to generate risk ratios (RRs) and
tucky farms selected for a 30-minute telephone interview. For t9s9 confidence intervals (Cls).

Texas project a systematic random sample of farms from five county

plats listings was used followed by a random selection of womg@arly half of subjects (46%) were African-American. The mean
on these farms, as in the Kentucky study. Interviews were cofgre was 52. Two-thirds of farmers had a high-school education or
pleted with 992 farm women in Kentucky and 665 farm women j8ss. The average duration farming was 30 years. The majority of
Texas. farmers worked with either field crops (44%) or livestock (30%).

Seventy-nine (79%) percent were classified as owners/operators;
A comparison of injury rates for women in Texas and Kentuckife remainder, farm workers.

found Texas women to have a significantly higher overall injury

rate: 13.1 per 100 women compared to 9.0 (p = .01). The ratesgf@kuits. The crude injury rate was 3 per 100,000 farming-hours

farm injuries (injured while doing farm work or farm chores), how29 per 100 farming-years). AA farmers had a RR of 2.8 (95%

ever, were strikingly similar with a rate of 3.0 per 100 women f@onfidence interval (Cl) 1.8-4.2) when compared to W.

Texas and 2.4 for Kentucky (p = .47). Work involving animals was

the leading injury causing activity in both Texas (25% of injuriegh both races, injuries involving farm machinery were most fre-

and Kentucky (21%). Moving irrigation pipe (10%), lifting (10%) quent, followed by livestock and falls.

and walking (10%) were other primary injury causing activities in

Texas. In Kentucky, tobacco production (21%), work with farmhe following factors were identified as being independently asso-

equipment (17%) and walking (17%) were identified as injury caugated with injury occurrence in multivariable Cox models: being

ing activities. Contact with foreign objects and body twists/straipg (RR=1.5, 95% ClI 1.0-2.5); being a farm worker (RR=3.3, 95%

while undertaking these activities were the two primary externg| 1.9-5.6); lacking farm safety training (RR=1.6, 95% CI 1.1-

causes of farm injury among both Kentucky and Texas womenp 4): having a previous farm injury (RR=1.6, 1.0-2.4); full-time
farming (RR=0.4, 95% CI 0.2-0.6); tractor use (RR=0.6, 95% CI

The rates for non-farm injuries are significantly different betwee§3-1.0); and having farm machinery in excellent or good com-

the two states with a Texas rate of 9.9 per 100 women and a Kgiyed to poor condition (excellent/good condition: RR=1.7, 95%

tucky rate of 6.5 (p =.01). Walking was the most often mentioneg 1 4-3.7).

activity at time of injury for both states (Kentucky: 46.2%, Texas:

35.49%) followed by household cleaning (Kentucky: 27.7%, Texagonclusion. African-American farmers in the Deep South have

26.2%). As with the farm injuries, contact with foreign objectgigher injury rates than their white counterparts. We have identi-

and body twists/strains were the primary external causes of NBd several factors as being independently associated with injury

farm injuries among both groups of women. occurrence, some of which are amenable to modification. These

_ . o ] results should serve as the basis for an intervention study within
The results suggest a relatively modest risk of injury resulting froais population.

farm chores for women in Texas and Kentucky. The primary exter-
nal causes of injury are similar in the two states and suggest . ] . .
several relatively simple interventions (eye protection, back sup- ssion 24: State and Reglonal Surveillance

ports, and non-slip footwear) may aid in the reduction of injurie tudies

Farm Injuries Among Deep South FarmersMcGwin G Jr., Fatal Work Injuries in the Oil and Gas Extraction Industry in
Enochs R, Roseman JM Texas, 1991-1995-Richardson S

Purpose. Agriculture is one of the most hazardous occupatioAsstudy was conducted of traumatic workplace deaths in the oil
There have been few prospective studies of farm injuries and traid gas extraction industry (SIC 13) from 1991 through 1995 in
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Texas using data from the Census of Fatal Occupational Injuriesluding logging, fishing, and construction. Explanations for
(CFOI) program. A total of 165 traumatic work deaths were idehigher occupational fatality rates among self-employed workers
tified in oil and gas extraction industries in Texas over the fiveeed further investigation. Recent reports suggest that self-em-
year period of the study. That number represents about one-tiplayed contractors perform an increasing share of hazardous work
of the national total for the industry over that period. The calcter large firms. People who work for themselves are also likely to
lated rate of 19 fatal work injuries per 100,000 oil and gas extrdmve limited capital, time, and training for improving safety on the
tion workers in the state over the period of the study was more tlj@in, in addition to being exempt from government occupational
three times the overall state rate for all industries. The high rasegety standards. This appears compatible with higher risks among
for the industry were led by oil and gas field services (SIC 138glf-employed truckers, taxi drivers, and lumber producers, who
which accounted for 135 of the 165 traumatic work deaths amdy use older, less safe equipment. Self-employment may also al-
recorded a rate of 37 fatal work injuries per 100,000 workers. low more vulnerable elderly people to extend the time they can
work and be exposed to occupational hazards.
Fatally-injured workers in oil and gas extraction were predomi-
nantly male (99 percent) and White (95 percent). Hispanics (who
are counted in the total for Whites) were involved in 30 percent/@ifferences in Occupational Injuries by Gender in West Virginia:
the incidents. The occupations recording the highest numberAélyses of Workers’ Compensation Claim Databaskstam S,
fatal work injuries over the five-year period were oil well drilleréiobbs G, Haque A, Greenwood J, Bowers C, Ducatman A
(16 percent) and truck drivers (16 percent). Workers who were
struck by objects accounted for one out of every four fatal wofkender differences in overall injury pattern and the cause of inju-
injuries over the period of the study. Other fatal events includg@s related to workplace have not been well documented. We com-
highway accidents (19 percent), contact with electric current (pered work-related injury claims between men and women using
percent), and falls to lower levels (10 percent). West Virginia Workers’ Compensation database. All workers who
were injured between July 1, 1995 and June 30, 1996 were in-
Employment in the state’s oil and gas extraction industry accoufitéded in this analysis. Number of employments reported to the
for one out of every four mining workers in the nation. With peM/est Virginia Bureau of Employment during 1995 calendar year
sistently high fatal work injury rates in mining, successful injuryas used as a denominator for estimating gender specific rates.
prevention efforts in the state’s oil and gas extraction industrig§ormation on age, gender, occupation, industry of employment,
would have an important impact on the overall mining picture, bdite county where accidents occurred and method of first report
in Texas and nationally. More importantly, renewed vigilance ias abstracted from various data files. In addition, information on
terms of surveillance and intervention efforts could significantgported physical effect of accidents (nature of injury), body parts
reduce the high number of preventable incidents occurring withijured, cause of an accident, time intervals between date of acci-
this industry. dent and date of claim entry, claim status and total amounts paid
for lost time at the time of data collection was obtained. Of the
High Risk of Fatal Injury Among Self-Employed Workers— 58,325 claims submitted, 98% had information on gender, 70.8%
Loomis DP of these were men and 29.2% were females. The average age at the
time of injury was 37 years with no significant difference in age
Self-employment is becoming more common in industrialized coudt gender. The injury rates for men and women differed signifi-
tries, as large companies downsize and contract out work formes@ntly with males having greater injury rates (11.4% vs. 5.4%, P
done in-house. However, there is cause for concern because sefi01). However, analysis of the injuries by body parts showed
employed workers are exempt from most occupational safety gnificantly increased reports of back injuries in women com-
health regulations. We studied fatal occupational injuries amopgred to men (women 23%, men 18%). Women reported greater
self-employed workers in North Carolina during the period 1978ercentage of hand (women 8%, men 7%), wrist (women 7%,
1991. Cases were identified through a state-wide medical exdren 3%) and shoulder (women 5%, men 3.6%) injuries compared
iner system, and estimates of person-time at risk were obtaif@dnen; while men reported significantly more eye (men 10%,
from the census of population. Self-employment grew 40% dwomen 3%) injuries. The cause of an accident also differed be-
ing the study period, versus 33% for total employment. There wéagen men and women. In both men and women, the most com-
238 deaths from unintentional occupatonal injuries among sefion nature of injury was sprains. The proportion of women re-
employed workers (11% of such deaths among all workers). Relarting sprains were significantly higher than men (44.4% Vs.
tive to other classes of workers, self-employed victims tended33.4%) while men reported more foreign bodies in the eye (men
be older (mean age 52 vs. 38) and were more often of Europ€ei?6, women 2%) and bone fractures (men 4%, women 2.8%).
ethnicity. At 6.29 per 105 worker-years, the crude rate of fafe®r both men and women, the most commonly cited materials and
injury at work was higher for self-employed workers than amor&fiuipment in use when the accident occurred, were “surfaces not
employees of private firms (3.87 per 105) or government workerfierwise classified” (men 30.1%, women 29.5%). A significantly
(1.46 per 105). The excess of fatalities among self-employed wogkeater proportion of women compared to men reported animal
ers was concentrated in several of the most hazardous occupatiigs as the cause of an accident (11.5% vs. 2.2%). Analysis of the
and industries, notably trucking, where the fatality rate was 3%@st of compensation for lost time showed no significant differ-
per 105 among self-employed drivers vs. 27.0 per 105 for drivémce in the cost per claim between women and men (Mean, SD
who worked for private companies, and lumber milling, where sefpr women $4151, $7091; for men $4240, $7474). Types of com-
employed workers had a death rate of 45.4 per 105 vs. 19.7@énsation awarded did not differ by gender with majority receiv-
those working for others. Self-employed workers in taxi servicdBg temporary total disability (women 80.5%, men 80.3%) Addi-
agriculture, and agricultural services also had higher occupatiof@nal data are being analyzed and will be presented on specific
fatality rates. However, self-employed workers had relatively lowegecupation and industry groups related to the reported injuries and
fatality rates in some other hazardous occupations and industrégsociated compensation cost.
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Work-Related Limb Trauma in a Major Teaching Hospital in viewed a sub-set of the same teens (N=122) who were working in

India—Joshi TK food service, grocery store, and other retail establishments. We
also conducted six focus groups with a different sample of 49 work-

The objective of the investigation was to study the prevalenceind teens in both urban and rural areas.

work related limb trauma in Lok Nayak Hospital, New Delhi.

Results. Findings from both the 1996 survey and focus groups
Methods. The centre for occupational and environmental healthiridicate teens perceive some workplace dangers; although this per-
Maulana Azad Medical College, under Delhi university is the firseption was more pronounced in the focus groups. Forty-five
academic centre to be set up in India in 1995. The centre inveg#rcent of the teens surveyed believed most jobs that teens have
gated the work-related limb trauma cases being managed atareunsafe; 23% were concerned about being exposed to work-
trauma centre under the aegis of orthopaedic department in 1pRge hazards; and 40% always or often felt rushed at work. Al-
soon after it was set up. The investigation included all casestlidugh most teens (82%) report some type of training, only 54%
upper and lower extremity trauma which were hospitalised. ~ were ever trained to avoid injury or how to deal with an angry

customer; 40% on how to deal with a robbery; and 23% on how to
Results. A total of 61 cases of upper and lower limb trauma weleal with sexual assault. Both data sources indicate teens want
identified and included in the investigation. The frequency of wotkaining on how to perform their job tasks effectively and safely.
related limb injuries was 27 per cent. Upper extremity trauma coreens believe injuries result from working with hazardous equip-
stituted bulk of cases (94 per cent). The mean age of the victimant; performing dangerous tasks; receiving limited, or ineffec-
was 26 years. Nearly 76 per cent of victims belonged to the diye, safety training from management; or working for managers
group 21-30 years. There was one case of hand injury agedat® do not care about them or their safety. To a lesser extent,
years, a child labour. The crush injuries of hand and fingers cor@ens believe worker attributes, such as carelessness, foolishness,
prised 75 per cent of all upper limb trauma. The industry involved not following safety precautions, also contribute to injuries.
was small and medium sized and included farm workers, machine
operators, plumbing, and other factory workers. All cases weFeens recommend several solutions to improve workplace safety.
treated surgically by a team of trauma specialists with expertiseFinst, teens suggest that managers need to enhance their supervi-
hand injury management. All victims enjoyed first class care @ory skills; understand employees’ tasks and responsibilities; know
the hands of some of the best experts, with satisfactory outcoared adhere to child labor laws; and provide better training. Sec-
The trauma specialists regretted that same injuries keep on ocond, management needs to minimize teens’ exposure to workplace
ring. However, the rehabilitation of the victims could not materialidezards by providing protective equipment and re-structuring the
due to non Co-operation from employers. Following this pilot studyork environment. Third, management needs to reduce the poten-
the occupational and environmental health centre in conjunctitiel for assaults by hiring more security guards and limiting late
with hand injury clinic in the hospital is planning a collaborativevork hours. Lastly, teens believe they need to take more respon-
project for prevention of such preventable injuries. The labosibility for their safety by using common sense, reading assigned
department’s Co-operation is being sought to address the probtemming material, and following prescribed safety precautions.
of child labour and rehabilitating the injured victims.

Conclusions. Working teens suggest a range of interventions that
Conclusion. The pilot study was able to highlight the importaneeanagement could employ to structure a safe working environ-
of work as a source of serious preventable limb trauma being marent.
aged at the hospital. The prevention will not only lead to the cost
saving but also eliminate the needless suffering of employees in
concerned industry. The fact that despite government’s determiq@ahlitative Assessment of Teens’, Parents’, And Employers’
efforts child labour is still prevalent in small and medium sizefihowledge, Attitudes And Behaviors Related to Adolescent Oc-
industry, a more rigorous enforcement of the child labour protemipational Safet—Miara C
tion rules is needed.

Introduction. Prevention of occupational injuries to youth requires
Session 25: Preventing Injuries to Adolescents the combined efforts of employers, schools, parents, and youth.

We developed a community-based educational intervention in
Improving Workplace Safety: Suggestions from Working Teens—Brockton, MA, that enlists all these groups in prevention efforts.
Zakocs RC, Runyan CW, Schulman MD, Evensen CT, Dunn KA

Purpose. There are few youth-focused occupational safety materi-
Objective. Occupational injuries are a serious threat to workiats and little information on what kinds of materials and activities
teens. To improve teen workplace safety, interventions needate effective with teens, their parents, and their employers. There-
target both workers and workplaces. Child labor laws restrict yottiie, we began the project by conducting focus groups to 1) assess
from working in hazardous occupations, using dangerous equipowledge, attitudes and practices with regard to occupational safety
ment, and working long hours. However, little is known about t# determine the messages and the methods of delivering them and
ways in which teen workers believe the workplace can be m&akjegenerate ideas for expanding and evaluating our program.
safer. Using both quantitative and qualitative methods, this study
examines North Carolina teen workers’ perceptions about their wddiethod. We held five focus groups with students, two with par-
environment, and the ways in which teens believe managements, three with employers, and 12 structured interviews with com-
could make the workplace safer for them. munity groups. Cape Verdean, Haitian, and Hispanic populations

were included. Each group was asked about workplace hazards,
Methods. In 1995, we conducted a state-wide telephone surehild labor laws, and the employer/employee relationship. A trained
(N=572) of teens age 14 to 17 years, and in 1996, we re-interederator, assisted by a notetaker, led each one hour group, using
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six structured questions. Focus group transcripts were analyegtent to which the project activities will become institutionalized
by identifying key words and concepts and organizing the responegond the two years of the grant.
in terms of the themes described above.

Conclusions. Using the Spectrum of Prevention model to design
Findings. Comparison of the knowledge, attitudes, and experienaasevaluation of a community-based injury prevention project al-
of parents, teens, and employers reveal both similarities and diffemws project staff to assess changes beyond the level of individual
ences. An example is child labor laws (CLL’'s). Teens and parektowledge and behavior, throughout all levels of the community.
were unclear on the laws regarding hours and were very confultelso helps in identifying a variety of evaluation measures to use
about the work permit system. Parents and teens provided maiithin the constraints of funding timelines and available resources.
examples of teens being asked to do tasks or work hours that are
prohibited by CLL’s. Unlike parents, many teens felt the lawBraining to Reduce Hazards in Youth Work: Results from the
restricting teens’ work hours are unfair. Employers stated tedBrockton Survey of Teenage Occupational SafetBewling JM.,
may work in violation of CLL’s because of the employers’: lack dRunyan CW, Miara C, Davis L, Dewey R, Gallagher S
knowledge of the laws; lack of awareness of the age of some of the
employees; and attitude that some of the laws are unfair and @ibjective. Occupational injury research has recently focused at-
dated. tention on the perils of youth employment. NIOSH estimates that
nearly 200,000 adolescents are injured at work every year. Little is
Conclusions. Parents, teens and employers have varied percepkong/n about hazards that teens face on the job, or current training
about work place safety. The results emphasize the need for cpractices conducted by employers designed to reduce the risks of
prehensive, consistent educational messages. Given limitedteen occupational injuries. This study examines the overall distri-
sources, focus groups are an important vehicle to develop effectiwtion of teenage workers involved in jobs that require handling
materials and refine community interventions. money and toxic chemicals, working with machines, lifting as a
regular part of their jobs, and working on ladders or scaffolding.
This study also identifies which teens involved in the preceding
Evaluation of a Comprehensive Community-Based Program teasks have been trained while on the job and presents
Prevent Work-Related Injuries to TeensMiara C sociodemographic comparisons between trained and untrained
working teenagers.
Introduction. A program’s evaluation assesses its implementation
and effectiveness. Multi-level evaluations of community-basédethods. The study used a cluster sampling method to select class-
injury prevention programs—especially those targeting occup@oms of students from a high school in Brockton, Massachusetts.
tional injuries—are rare. Students in grades 9-12 completed self-administered questionnaires
addressing work practices, knowledge, and injury experience. This
Purpose. Changes in injury rates may be an unrealistic measurstodly focuses on currently working or previously working youth
effectiveness for programs with limited resources and time. (N=308) from the Brockton survey.
program’s implementation may create increased reporting of inju-
ries. Other strategies for evaluating injury prevention prograrResults. Most teens have been trained in how to do their jobs (
are needed. Research from community-based disease prevengiefs) but few have been trained in specifics of reducing the threat
health promotion projects indicate that changes are best achieyftdccupational injury. One-half of Brockton teenagers work with
through interventions at all levels of the community—from indimoney, but only 46% of these youth have been trained on what to
viduals through organizations and ultimately in policy and legislde during a robbery. Two-thirds work with chemicals as part of
tion. their jobs, but only 41.5% of those who work with chemicals indi-
cate specific training relative to the task. Slightly more than one-
Method. During a two-year period, we implemented a multi-fa¢hird of Brockton working teens work with machines, with 66% of
eted, community-based occupational injury prevention program these teens trained. More than one-half are regularly called upon
volving youth, parents, employers, and community organizations.lift (empty trucks or stock groceries) but only 41% of youth who
The design of the intervention and the evaluation were basedpenform lifting tasks are trained in proper technique. About one-
the Spectrum of Prevention, a six tiered model that integrates irtflird of the teenagers in the study indicated that they worked on
vidual and environmental change. Components address individaaders or scaffolding but only 42% of those teens had been trained.
knowledge (school-based curricula), community education, pieemales were more likely to work with money and less likely to
vider training (peer leaders, teachers, health providers, emplayrk with jobs involving the other hazards. Those females who
ers), coalitions and networks, organizational practices, and poliegrked with chemicals were less likely to need training and those
and legislation. We developed objectives for each tier, and preho worked in jobs requiring lifting were more likely to need train-
cess and outcome measures for each objective. The evaluatignAge was not significantly related to any of the potentially haz-
was approximately 25% of the budget and included qualitatigedous tasks. Industry (grocery, restaurant, other retail, and other
(structured interviews, focus groups, detailed project records) andustry) was significantly related to both the types of potentially
quantitative methods (pre and post surveys of high school studehégzardous tasks that teenagers perform and deficits in training as-
employers and health care providers, work permit application rategjciated with these tasks.

Findings. We will present the conceptual framework of our eval@onclusions. Most working youth in Brockton performed poten-
ation, examples of process and outcome measures, results, tiilg hazardous tasks while on the job. A large percentage of these
lessons learned. The evaluation will show that the project hgslith had not been trained to do their jobs safely. The propensity
greater impact at some levels (for example, organizational) thancaperform hazardous tasks on the job varies by gender as does the
others (such as community education) and will demonstrate tik@lihood of receiving safety training. Age, codified in law as a
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distinguishing factor in teenage job and task delineation, was digsemination of agricultural work guidelines to a variety of stake-

found to be an important predictor of performing potentially haholders.

ardous tasks. Hazardous tasks as well as deficits in the training of

adolescents associated with these tasks tend to be concentrat&dispresentation will briefly describe the results of the pilot

certain industries. study and then explain the current status and specific process of
this five-year initiative that is now being funded by NIOSH, MCHB,

Development of Specific Guidelines for Adolescents’ Work inand private sector support.

Agriculture: Results of a Pilot Study-kee B, Marlenga B, Hanna
c Session 26: Occupational Eye Injuries

Adolescents are often injured while conducting agricultural work
that may be beyond their physical and cognitive abilities. In 198@&ute Eye Injury in the Workplace-Jackson LL, Berandinelli
the National Committee for Childhood Agricultural Injury PrevenSP, Geidenberger CA, Johnston JJ, Long DJ, Layne LA, Islam S
tion recommended that guidelines be developed to assist parents
and employers in assigning safe, appropriate farm work to childisoute eye injuries continue to occur in the workplace despite be-
and adolescents. Given the complex nature of agricultural wank a preventable injury. The U.S. Bureau of Labor Statistics (1996)
and the controversial aspects of establishing age guidelines for spperted that private industry eye injuries in 1994 accounted for
cific tasks, a pilot study (funded by the CDC-Injury Center at ttf87% (about 83000 incidents) of all nonfatal injuries involving a
University of lowa) was conducted over a 10 month period to dday or more of lost work. Eye injury and illness incident rates var-
termine the feasibility of embarking upon a large-scale initiative ted greatly among industries with the construction industry having
develop “North American Guidelines for Children’s Agriculturathe highest incident rate (29.0 incidents/10,000 full-time workers),
Tasks.” about three times higher than the average rate for all private indus-
tries (10.4 incidents/10,000 full-time workers). Despite the high
The overall goal of this initiative is to reduce the risk of fatal aridcidence rate of eye injuries in some industries, relatively little
nonfatal agricultural injuries to children younger than 16 years whdormation is available about industry-specific eye injury risk fac-
are conducting farm work. Specific aims of the pilot study weters, effectiveness of prevention measures, and associated medical
to: a) investigate current information on age- and developmentallgeatment and lost work time.
appropriate agricultural tasks for youth; b) identify an effective
method for generating comprehensive guidelines applicable to kgerder to develop a better understanding of occupational eye in-
riculture across North America; c) identify farm parents’ perspejety, we examined data from three sources: the West Virginia
tives on preferred options for receiving agricultural work guidé/orkers’ Compensation Program (WVWCP) for work-related
lines for youth; and d) propose a full-scale initiative based on evalojury claims for July 1995 through June 1996; the 1988 National
ation results of the pilot phase. Health Interview Survey (NHIS) for self-reported injuries and medi-
cal treatment that occurred during a one-year period; and the Na-
Pilot study methods included: a) a comprehensive review of tional Electronic Injury Surveillance System (NEISS) for emer-
international literature, farm safety bulletins, and anecdotal nogancy department reports for the one year period October 1995
and reports; b) telephone and in-person meetings with 14 primtrgough September 1996.
advisors; ¢) written communications with 24 secondary reviewers;
and d) focus groups with farm parents. Eye injuries accounted for 7.6% of the annual compensable claims
(4422 eye injury claims/58,325 total claims) in the WVWCP. The
Results of the pilot study revealed that: a) agricultural work ~ number of eye injuries reported in the NHIS correspond to an
guidelines for youth, based upon empirical data, do not exist;dstimated 626,000 eye injuries for a 12-month period. This repre-
the job task analysis framework used in industry is most usefulsented 5.9% of the estimate for all work-related injuries
depicting relevant variables; c) content regarding specific taskg16,600,000) for the same time period. Forty-three percent of NHIS
best obtained from a worker actively engaged in that agriculturaspondents with eye injuries filed workers’ compensation claims
enterprise; d) while most child safety advocates are eager to edhich suggests that there may be a more than two-fold under-re-
laborate, the most meaningful input is obtained from agricultugabrting of eye injury when restricting analyses to only workers’
safety specialists; e) given the time constraints of most people&cmpensation claims such as in WVWCP.
small group of paid consultants/collaborators is most efficient in
working productively; and f) farm parents have mixed feelings abdetom NEISS records, work-related eye injuries were about 7.1%
using guidelines for children’s agricultural work, but are most irf240,000) of all injuries (3,380,000) treated in emergency depart-
terested in receiving information that is brief and reader-friendiynents for the one-year period examined. Thirty eight percent of
such as a poster to place in the work setting. self-reported eye injuries in NHIS were treated in a hospital emer-
gency departmentin 1988. Extrapolation of the NEISS emergency
Pilot study results provided valuable information that was used tEpartment eye injuries, assuming that these injuries represent 38%
1) secure funding from NIOSH and the Maternal and Child Healtfiall medically treated eye injuries, suggests that there are 632,000
Bureau (MCHB) to convene a project team comprised of our stafbrk-related eye injuries annually in the U.S. Because of under-
plus 10 paid consultants from the United States, Canada, aegorting of work-relatedness in emergency department visits, this
Mexico; 2) establish a practical methodology for generating, fetter estimate is likely to still be an underestimate of the true num-
viewing, and field-testing about 100 different agricultural worker of work-related eye injuries. The three injury perspectives uni-
guidelines; and 3) upon completion of field-testing and final afarmly indicate that a significant proportion of occupational inju-
proval of the content by the project team, prepare for multimedias are eye injuries—a largely preventable work-related injury.
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Epidemiology of Ocular Injury in a Major U.S. Automotive Com- veillance System (NEISS) indicated that emergency medicine de-
pany—Lincoln A partments treated an estimated 240,300+51,800 (CI95) work-re-
lated eye injuries in the United States from October 1995 through
Purpose. Although occupational eye injuries account for a largeptember 1996. Of those eye injuries 16% (37,700+12,600 CI95)
proportion of ocular injuries in adults, little epidemiological dataccurred to construction workers. Eye injuries represented 11% of
in specific industries have been published. To address this pralytypes of traumatic injury among construction workers. We are
lem, we examined the epidemiology of eye injuries among estudying the epidemiology of eye injuries among injured construc-
ployees of a major automobile corporation. The purpose of thisn workers from this national sample to determine risk factors
study is to establish data on industry-specific rates of ocular injdty specific occupations and work tasks that will lead to better eye
and identify problem areas in eye injury prevention in the worlgjury prevention strategies.
place.

NEISS is a national stratified probability sample of all hospitals in
Design. All persons employed between July 1989 and June 1992 United States that provide 24-hour emergency department ser-
in the corporation’s assembly, power train, stamping, and parts degogs. Four hundred thirty-three case records were collected for
facilities were included in the study. The population was derivednstruction worker eye injuries from October 1, 1995 through
from a total of 33 plants situated over the continental United Stat8eptember 30, 1996 from 65 nationally sampled hospitals through
Ocular injury data were obtained from an active surveillance syscollaborative agreement between the Consumer Product Safety
tem at a major automotive corporation. Incidence data includeédmmission and the National Institute for Occupational Safety and
demographic characteristics of the injured workers (job class, getealth. Each NEISS injury record contains demographics of the
der, age, length of service) and case characteristics (nature ofrijured worker, occupation and industry information when avail-
jury, body part, object involved). In addition, narrative free textble, and a narrative description of the injury incident. From the
fields in the description of the injury and the activity preceding thearrative description of the injury, we further coded work activity,
injury allowed us to go beyond the limitations of coded data tools used, materials handled, and outcome of injury. Using a sta-
understand the specific circumstances of the injury. Year end distical weighting factor for each case we calculated national esti-
ployee censuses were used to estimate the population at risk. @uites for various eye injury characteristics. Confidence intervals
comes from the ocular injury included: 1) OSHA restricted dutyere calculated using simple linear expansion to account for the
days; 2) OSHA lost days, 3) temporary transferred days, andcénplex sample design.
whether no alternative work was available in the plant.

Nationally, 98% (37,100+12,400 CI95) of these construction eye
Results injuries occurred to males. Forty-one percent (15,500+8,000 CI95)
1,983 work related eye injuries occurred over a three year periofiall workers were 20 to 29 years old and 33% (12,300+3500
from July 1989 to June 1992. The incidence rate was 14.9 injur@®5) were 30 to 39 years old at the time of injury. Seventy-eight
per 1000 person years. Workers between the ages 20-29 hacéreent (29,400+12,000 CI95) of the injured workers were white,
highest age-specific incidence of 28.2 injuries per 1000 person yearsl 5% (1,700+1,000 CI195) were black. Most eye injuries occurred
Males had a higher incidence than females across all ages, withoamlatively young, white male construction workers following the
age-adjusted incidence of 15.6 injuries per 1000 person years gederal demographic trends for the construction industry.
age-adjusted relative risk of 1.53 (95% confidence interval, 1.43,
1.64). External foreign bodies and corneal abrasions made up 86H8fall eye injuries, about 70% were foreign bodies in the eye, 13%
of all injuries, while penetrating eye injury occurred in only 3 casegere struck by injuries, and 6% ultraviolet burns or keratitis. Al-
Almost one third of ocular injuries resulted in the inability of théhough the details of work activity at the time of the injury were

worker to resume his normal duties. frequently missing from these surveillance system records, several
common construction tasks were identified that resulted in eye in-
Conclusion juries. For example, sawing was indicated as the work task for 16%

A high incidence of workplace eye injuries occur among emplogf the foreign body eye injuries and hammering or pounding was
ees of the automotive industry. Although the vast majority of injindicated in 10% of the struck by injuries. In 91% of the ultraviolet
ries were minor, they account for significant avoidable lost prourn cases, the injured person was clearly identified as either weld-
ductivity. While the apparently high incidence in automotive workag or in the area of someone else welding at the time of injury.
ers may be due to higher risks inherent in this industry, it could

also be due to the inclusion of previously under-reported minarlarge number of these injuries are preventable. Although the
injuries not requiring medical attention at hospitals. The high pnmajority of the injuries are relatively minor, they still represent a
portion of injury related to grinding, welding, and use of air tooksignificant loss of productivity and medical expense that are avoid-
reemphasizes the need for eye protection in these activities. @bk through better engineering controls and utilization of proper
high proportion of paint-related chemical injuries suggests the neg@ and face protection.

for eye protection in workers exposed to such substances.

Work-Related Eye Injuries Among Union Carpenters 1989-1995
Nature of Construction Industry Eye Injuries Treated in Emer- Lipscomb HJ, Dement JM
gency Departments+tong DJ, Layne LA, Jackson LL

Union administrative records were combined with workers’ com-
For most of the last twenty years the construction industry has lpghsation data to identify a cohort of union carpenters, their per-
the highest rate of nonfatal serious injury of any U.S. industrigbn-time at risk, and their documented work related eye injuries
sector (U.S. Bureau of Labor Statistics). Our analysis of emergeetween 1989 and 1995 in the State of Washington. The injuries
department cases recorded in the National Electronic Injury Swere described using ANSI codes for injury nature, type (mecha-
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nism), and source or object associated with the event. Injuries weedlow-up Study of Eye Injuries Among Construction Workers
also described based on the ICD9 codes attached to claims forGhelina LC, Hunting KL, Welch LS
treatment of these injuries. Overall rates of filing compensation
claims for eye injuries as well as age, gender, and union local specupational eye injuries are common and preventable. Since 1990,
cific rates were calculated. Kaplan-Meier lifetable analyses wexe have conducted surveillance of construction worker injuries
used to compare time to the first and second eye injuries basedreated in George Washington University's Emergency Department.
person-hours of work as a union carpenter. To identify high riluring that time, eye injuries have constituted 11% of our con-
subgroups, the person time and events were stratified by age, sgxction worker cases. Our surveillance data has shown that work-
time in the union, and predominant type of work of the union locats who operate power tools and who do overhead work are at risk
with which each carpenter was affiliated for multivariate analyse$ eye injuries (predictable), but also that co-workers working in
with Poisson regression. close proximity to these tasks also experience eye injuries (not as
predictable). Plumbers and painters had a higher proportion of eye
Results. A cohort of 13,553 carpenters was identified each of whistjuries than other trades. Another observation was that, in some
had worked at least 3 months of union time during this seven y&ades, traditional construction workers had different patterns of
time period. Eye injuries were responsible for 14% (n=1866) eye injury than fixed site (maintenance) workers.
all claims filed during this time period, second only to back and
finger injuries. Using ANSI code descriptions from the first repohh 1996, we designed an eye injury questionnaire and began con-
of injury, the types of events most commonly associated with eyecting short-term telephone follow-up interviews (within 4-8
injuries were abrasions (74%), being struck (20%), contact wittweeks after the injury) to further explore circumstances of eye in-
toxin (5%), or contact with a hot object (<1%). Based on naturejafies and workers’ attitudes/behavior regarding the use of eye pro-
injury codes, 83% of these injuries were described as scratchestion. We hope to identify specific risky tasks across construc-
followed by conjunctivitis (4.4%), cuts (4.3%), welder’s flashion trades, and explore factors which might account for differ-
(2.4%), contusions (1.9%), ill-defined conditions (1.7%), anences in the eye injury experiences of maintenance workers and
chemical burns (1.2%). The ICD9 codes assigned to these clairagitional construction workers.
were consistent with these descriptions with the vast majority de-
scribed as foreign body on the external eye (44%), superficial IData will be presented from interviews with approximately 30 con-
jury of eye/adnexa (28%), or disorders of the conjunctiva (7%struction workers. The circumstances of their eye injuries vary,
Much less common were more serious open wounds (1.4%) amnd illustrate some high-risk activities typical of construction work.
burns of the ocular adnexa or eyeball (2.7%) . Less than 2% of realmost universal result, however, was lack of eye protection, or
claims resulted in medical costs of over $500 and these casedaagk of appropriate eye protection (for instance, protective eyewear
counted for nearly a third of all costs for medical care and 90%Ilatking side shields). Workers also reported, almost universally,
lost work days. Twenty-five percent of these serious cases involtRédt they were unaware of any job site policies for mandatory eye
metal fasteners. protection on the jobs on which they were injured.

Claims for eye injuries were filed at a rate of 5.7/200,000 houféie eye injury follow-up study is prevention oriented. In the fu-
worked. Recurrent eye injuries occurred at a rate approximatglye we hope to be able to use the results to design jobsite interven-
two times higher than incident claims. Poisson regression analgns to help reduce the number of eye injuries in the construction
ses revealed no significant differences in the rate of eye injuriesibjry.

gender. The rates of eye injuries decreased significantly with age

and time in the union. Elevated rate ratios were seen for dry\/\gléssion 27: Office Ergonomics and Human Per-
workers and residential carpenters (RR=1.2). formance )

The findings identify some high risk groups (ie., young, inexperi-
enced, drywall workers and residential carpenters) and raise qugfects of Alternative Geometry Keyboards on VDT Users with
tions about factors which might influence the failure to use appiork-Related Musculoskeletal Disorders: Part | - Clinical Out-
priate protection including availability and acceptability of eye pr@omes—Burastero SR, Tittiranonda P, Rempel D
tection, use by peers, and perception of risk. Eye injuries among
these union carpenters were very common, but the rate of sevairs. Within the past several years, a variety of alternative split
injuries was quite low. Perceived risk has been reported to be mgeemetry keyboards have been designed with the goal of increas-
likely to be influenced by severity of injury than by injury freing user's comfort and reducing the posture-related risk factors
qguency. The high rate of recurrence may be a reflection of lackasiociated with work-related musculoskeletal disorders (MSDs).
perceived risk among workers. Short-term laboratory studies, ranging from 20 minutes to 2 days
have shown that these keyboards can achieve the objectives of al-
The findings identify some high risk groups (ie., young, inexpettering forearm postures (Burastero 94, Rempel 94) and reducing
enced, drywall workers and millwrights) and raise questions abaatiscle activities (Gerard 94). To date, no long-term studies have
factors which might influence the failure to use appropriate protemaluated the effectiveness of these keyboards in preventing or
tion including availability and acceptability of eye protection, usmanaging WRMSDs during long term use. The study aimed to
by peers, and perception of risk. Eye injuries among these unitatermine the long term health effects of four computer keyboards
carpenters were very common, but the rate of severe injuries wasvDT workers with work-related MSDs based on physical ex-
quite low. Perceived risk has been reported to be more likely todseination, hand function and subjective pain reporting.
influenced by severity of injury than by injury frequency. The
high rate of recurrence may be a reflection of lack of perceived riglethod. Eighty workers at the Lawrence Livermore National Labo-
among workers. ratory who used the keyboard >20 hours per week and had no pre-
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vious exposures to the alternative keyboards were randomly keyboard usage, where they underwent three additional five minute
cruited from the onsite’s workers’ compensation injury databasessions. Subjects used the assigned keyboard for 6 months. At
Eligible subjects were diagnosed with carpal tunnel syndrome attt# end of the trial, they compared their assigned keyboards to
or tendonitis according to a standardized physical examination. Sthieir usual conventional keyboard using a series of 10 cm visual
jects were randomized to 4 keyboard groups (n=20/ group): tr@alog scales with anchors of “much worse” [0], “same”[5] to “much
Apple Adjustable [kb1], Comfort Keyboard System [kb2]better” [10]. The keyboard characteristics rated were (1) keying
Microsoft Natural [kb3] or conventional (placebo) keyboard. Quefsrce required (2) keying action (3) ease of use (4) ease of learning
tionnaires on upper limb symptoms, hand function, pain and d{§) effort required during keying (6) hand/wrist comfort (7) arm/
comfort and a physical exam were administered prior to the kespoulder comfort (8) overall postures required (9) overall design
board intervention, and 6, 12, 18, and 24 weeks after heavy kawe (10) overall rating.

board use.

Results. Computer users assigned to kb1l and kb3 were able to
Results. Over three months, overall pain and functional status amaaohieve >=95% of their performance on the conventional keyboard
employees with WRMSDs improved when using all alternative gafter 15 minutes of typing. Following six months of use, the high-
ometry keyboards, with significant improvement observed for kg3t comparative comfort ratings were reported by subjects who used
group. Hand function improved significantly for all alternativéb3, while the lowest rating were reported by those assigned to the
keyboard groups but remained unchanged for the placebo groptacebo. Kb3 received that highest comparative rating for ease of
Following six months of keyboard use, a positive trend towalelrning, while kb2 was rated the lowest. Subjects who used kb1l
improvement in pain severity and hand function was demonstrafelfl that it required significantly less effort than the conventional
in kb3 and to a lesser extent kb1 compared to the placebo. TRagboard. Overall, kb3 received the highest comparative rating
study provides evidence that some alternative geometry keybodutsts design, followed by kb1, the placebo and kb2.
can be useful to some employees suffering from WRMSDs in re-
ducing symptom severity and improving functional status.

The Nature and Role of Human Factors as Risk Factors for Oc-

cupational Injury—Feyer A, Williamson AM

Effects of Alternative Geometry Keyboards on VDT Users witht is generally agreed that human factors are a major component of
Work-Related Musculoskeletal Disorders: Part Il - Productivity the causes of occupational accidents in the workplace. However,
and Long Term User Comfort-Fittiranonda P, Burastero SR, our understanding of the exact nature of their role has been slow to
Rempel D develop beyond acknowledging their prevalence. Part of the prob-
lem arises from the complexity of such a large category. In gen-
Aim. A variety of alternative split geometry keyboards, whickral, the term human error has been used rather broadly to encom-
were developed to increase user’s comfort and reduce the postpess all of the ways in which the human factor can contribute to
related risk factors associated with musculoskeletal disordégiry occurrence through direct unsafe acts at the time of the in-
(MSDs) have become commercially available. Laboratory-basgegly event. In fact, the nature and timing of behaviour, be it error or
performance and preference studies have examined the effectsoof and the involvement of routinely unsafe work practices all
these keyboards on subjects over short time periods, ranging freeed to be considered as do the network of relationships between
20 minutes to 2 days (Swanson 97, Cakir 95, Gerard 94, Burasteuman factors and between human and other causal factors. Better
94). Other workplace studies have also investigated the effectainélerstanding of how, why and when human factors occur in the
split keyboards on performance, preference and wrist postucgsumstances leading to occupational injury is the critical precur-
among asymptomatic typists after 2 to 6 weeks of keyboard &g to making predictions about the role and the prevention of this
(Cakir 95, Tittiranonda 94). To date, no long-term studies hawejor risk factor.
evaluated the effectiveness of these keyboards to increase comfort
among computer users with hand pain. The purpose of this stiRBcently, a classification system has been developed which was
was to evaluate the effects of 4 keyboard designs on short-tefesigned to both describe the complex network of events leading
productivity and long-term comfort and preference in computgy occupational injury and also to evaluate the relative importance
users with musculoskeletal disorders. of events in causing the injury event. The system covers the wider
circumstances of the injury event including both the events that
Method. Eighty computer users at the Lawrence Livermore Naad directly to the injury event and any other contributing factor
tional Laboratory who participated in the prospective randomizeshd attempts to provide comprehensive classification of the poten-
placebo controlled trial of computer keyboards (Part I) were askigal range of human behaviour involved in injury causation. Thus,
to participate in a typing experiment on the day of randomizatiammgoing but unsafe work practices are distinguished from errors
At their own workstations, their productivity (speed & error) omnd errors are classified in some detail according to two well-known
their usual conventional keyboard and the assigned alternative gjassification systems. As well, particular attention was paid in the
ometry keyboard were recorded. Subjects first typed for 15 miystem to comprehensive coverage of the range of non-human fac-
utes on their own conventional keyboard (three 5 minute sessitms possibly involved.
with 1 minute break after each trial), then on their assigned key-
board for three additional sessions. A 15 minute break was giviemdate the classification system has been applied extensively to
after completing all sessions on one keyboard. Calculated prodihe analysis of the information surrounding the occurrence of all
tivity on the alternative keyboards was normalized to the averagerk-related traumatic fatalities in Australia over the years 1982-
productivity on the subject’s usual keyboard (mean productiviyp84. The data were obtained from the information in coronial
ratio, MPR). Those who could not achieve >80% mean productiecords collected as part of the Work-related Fatalities Study un-
ity ratio participated in a follow-up typing test after 2 weeks afertaken by the National Institute of Occupational Health and
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Safety. Analysis of this large heterogeneous data-base of waskrvers’ confidence that their efforts had a direct and immediate
related fatalities revealed that most fatalities had a discernible cawstdct on safety at their mill.

sequence and that in the vast majority of cases more than one

cause was involved. However, two thirds of the cases involved aggssion 28: Risk Factor Analysis—Methods and

of only 4 main patterns of causation, consisting of either behavioutal .
events, environmental events or a combination of the two. 'IL'JE?@"SpeCtlveS
analysis revealed human behaviour in general was the most Cém-

mon and the most influential causal factor. However, in terms Qalysis of Injury Risk Factors with Neural Networks+andsittel

targeting prevention strategies, the relationship between fact I,SArena ve
proved to be among the most promising findings. Pre-existing wqrk

practices, for example, provided the most common circumstan ral networks have been shown to be a valuable analysis tool in

for later errors, particularly those occurring during highly skille&estegrt%h tareas s|uch as |nfor|matt|)0n smfer;ge. Rgpetpt worl(; hlas 'r.]]f.j"
behaviour to have their impact. The latter are not amenable to 0 that neural nets may aiso be usetul in prediction and classiti-
ation of biostatistical data. The importance of this research is to

vention while the former are eminently so. Further analysis 8 i d illustrate h | network be impl ted t
vealed that while this pattern was common for most industries, so%'éme and 1 us. rg e C.)W .n.eura ne qur S cgn € impiemente .O
ess the statistical significance of injury risk factors and predict

notable exceptions were evident, specifically timbergetters afiec - e . L -
workers in electrical trades. the probability of injury given individual characteristics. The out-

put of the network is interpretable as the probability of an out-
It is commonly believed that occupational accidents are the ofime: such as injury. Th? likelihood ratio test |s.us.ed, in conjunc-
come of a complex network of inter-related events in which hum N W'th gselectlon algonthml, to assess Fhe statistical significance
factors play a vital role. The present findings provide empiricg Injury rlskfactors.. An OVerview oftradlthnal methods for model
evidence for these beliefs, and in particular, for the diverse roles&]ectlon and clgssmcatlon of |njur¥ data is presented and the ac-
human factors in the occurrence of occupational injury. vantages and disadvantages of using neural networks to analyze

injury risk factors are examined.

The Relationship Between Behavior and Injury in a Lumber

Mill— Krause TR, Seymour K Neural networks are a type of nonlinear regression where the na-

ture of the association between the covariates and outcome is not

When a company uses a behavior-based safety initiative that in& plicitly speufled.. .The.fc.)rm of, and interaction .petween varl-
les are also implicitly fit in the model. Both positive and nega-

porates the use of operational definitions of critical safety-relatg implicati f th - tat t . tioated. |
behavior, standard observation scoring techniques, effective in{é\@ Implications of the previous s agmen S are mvg; Igated. In
es where the nature of the association between injury and pos-

actions between observer and worker, and systematic use of 5 | factors i K | network id
havioral data for problem-solving, they can expect to see signﬁf- € causal 1actors IS unknown, neural NEWorks may provide an

cant reductions in injury rates and strong relationships betwe%ecwe altgrnatlye to stgndard methods. Sln(?e neura}l nets de-
d on an iterative routine to solve for the optimal weights, the

behavioral process indicators and injury frequency. The purpd . -
P jury fred y purp tion may only represent a local minimum and the fact that a

of this study was to demonstrate that the behavioral data gener§ &l intion i t licitl ified lead t
from this process at a lumber mill were correlated with injury rat articular association Is not explicitly specilied may leéad to over

It was hypothesized that percent safe behavior and contact rat gtg&g the data. Thgse and. other possible Ilmltgt|0n§ c.)f negral nets
this lumber mill are negatively correlated with recordable inju re explored specifically W'.th respect to analysis of injury risk fac-
rate. The subject of this case study was a 425-employee lum &r- S.evera! methpds to improve th? performance of neural net-
mill whose employees began behavior-based safety observati ks,.lncludlng weight decay, committees qf networks, and cross
in April 1994. Data were collected from April 1994 through March? idation are |II'us.trr?1ted.. General conclu.S|ons about the role of
1996. The variables measured were percent safe, contact rate,ngH('ial networks in injury risk factor analysis are made.

recordable injury rate. Percent safe was defined as the overall per-

centage of safe behavior recorded on data sheets and enteredgpidemiologic Confusion in Injury Research-Rark B

software each month. Contact rate was defined as the total number

of employees observed each month divided by the total numbeEgpfdemiologic approaches to injury research frequently apply meth-
employees covered by the behavior-based safety initiative. Rés that were developed for chronic diseases where individual case
cordable rate was defined as the number of injuries and ilinesgtgbutability must be inferred, whereas with workplace injury,
recorded on the OSHA 200 log each month, multiplied by 200,0@8@rk-attributability is self-evident. Exposure definition, on the

and divided by the number of hours worked. These data wetber hand, is much more straight-forward in traditional chronic
screened and analyzed using SPSS software. As the percentagiseéise epidemiology (although retrospective retrieval is difficult)
safe behavior increased, the recordable injury rate decreased. Wids for injuries, where exposures can be transient circumstances
finding was statistically significant (r =-.47, p <.02). Similarly, athat arise in machine or system failures and that are inherently poorly
the contact rate increased, the recordable injury rate decreased. Oinierstood. Very few occupational injury studies have actually
finding approached significance (r = -.31, p < .07). Having a valittfined and measured exposure risk factors in a factory environ-
upstream measure of safety performance is crucial for preventingnt, with the possible exception of studies involving industrial
injuries before they occur. The instrument which observers at tiehicles. Instead, most attention is focused on risk modifiers which,
lumber mill developed and used for recording safe and at-risk béiile potentially informative and useful in the context of well-
havior was an excellent predictor of injury frequency. This aflescribed exposures, are essentially uninterpretable in the absence
lowed them to use the data in problem-solving with confidenoé same. Descriptors such as age, seniority, gender, job classifica-
that their efforts would make a difference. Furthermore, the mdien, behaviors, etc. are all confounded by the exposures that cause
feedback about their safety performance employees received (highgiries. Insights into describing injury exposure come from exam-
contact rate) the fewer injuries that occurred. This reinforced obing indiviual events; examples will be presented from UAW fa-

55



NOIRS Abstracts

tality experience. Methods to identify and quantify injury expgeat accidents additional analysis into occupation and injury pat-
sures could include use of management maintenance informatiemms along with file review and worker/employer feedback was
systems (MMIS), now common in many plants, which record albnducted. This information has been used to develop multi-part-
specific work orders in considerable detail. Another approach wouler interventions to ensure that others do not enter this at “High
be to do random work sampling, possibly making use of portaitésk” group (i.e., for disability and a 10 times greater chance of
data-loggers. fatality). Here we report injury/occupation profiles as well as the
organization of work and work environments involved. The Pre-
venting Accident Repetition Program Interventions and Findings
Case-Crossover Pilot Study of Traumatic Occupational Injury toare reported in part 2.
the Upper Extremities—Sorock G, Hashemi L, Cotnam J,
Mittleman M Findings. To date, 1 percent of workers having reported an injury
to WCB-BC have experienced 20 or more workplace accidents (n
Traumatic occupational injuries of the upper extremity (mostly lae-15,042; X = 25.4 injuries/worker per working lifetime, range =
erations, contusions, and burns) are common, accounting for al@ut 91 injuries; SD = 10.9). The average age of these workers was
30% of visits to hospital emergency departments for occupatiosal years (range = 25-80; SD = 12.3) and they averaged 1.68 new
injuries in 1996 (NEISS data), and about 10% of all workers coinjuries/year (range = 0-38; SD = .99). The majority of these work-
pensation claims in one insurance company in 1992. Few analgtis were male. Most had occupations in the machining, fabricat-
cal epidemiologic studies of these injuries have been reportedrig, assembly and construction trades. Less than 2 percent were
the medical literature. The existing data suggest that work witbm clerical/sales, teaching occupations.
machines and knives or tools increase the risk of such an injury
especially when a work process (machine or stock) gets jammeist injuries were to the lower back, finger/hand and knee areas
stuck or is unusual in some manner. We therefore plan to undgtused by overexertion and falls. Many of these injuries were re-
take a case-crossover study of risk factors for traumatic occuparted as sprains and strains, cuts and lacerations, rather than car-
tional injury to the upper extremity. pal tunnel, concussions, fractures and amputations. No significant
monthly or weekday variation in injury incidence was detected.
The case-crossover design is an emerging epidemiologic approach
for studying transient risk factors for acute onset events suchlmgestigation into accident processes uncovered heterogeneous fac-
traumatic injury. It can help answer the question: Was the injuretls. For some workers the type and mode of injury was largely
person doing anything unusual before the injury occurred? Fggcupation based. For example, steelworkers/welders largely re-
example, the subject may be asked about specific work conditipasted metal particles in their eyes, stevedores reported back, knee,
during a relevant time window just before the injury (perhaps Hnid shoulder injuries sustained by falling/slipping. For others there
minutes), and asked about the same work conditions during a capeared to be stronger psychosocial factors involved, especially
parison 10-minute period one hour before the injury, and about thehe case of fatals (i.e., economic and family pressures) and where
usual frequency of the same condition during the past monthie age at first injury was very young (i.e., 9 - 16 years; assault/
Whether the condition was present just before the injury, and noiriltiple trauma incidences). Our data also shows that at “High
an earlier time period (or vice versa), is the key measure in sudRisk of Re-injury” is also an employer attribute as there are typi-
study. Each subject acts as his or her own control thereby eligitly numerous 20+ workers/job site. Concerns voiced by these
nating confounding by constant subject characteristics such as agstkers and their employers guide us in our understanding of some
gender, work experience and injury history. of these injury-re-injury dynamics and provide our direction in the
development of intervention strategies. Common concerns of 20+
We will report some preliminary results of a case-crossover pil@brkers include upper management/supervisor attitudes and knowl-
study of occupational traumatic injury to the upper extremities étlge towards Occupational Health and Safety, stress in the work-
two manufacturing plants. In both sites, injury log data were rglace, as well as co-worker/supervisor activities (i.e., drug and al-
viewed and analyzed to develop injury scenarios for machine, knitshol, harassment etc.). Employer responses are more varied and
or product related past injuries. A total of 30 subjects will be intatange from blaming the worker to those who realize the complexi-
viewed during the summer of 1997. Some interviews will be doties and necessity of partnershipping in order to produce effective
in person by the occupational health nurse following treatment©gcupational Health and Safety Programs.
the injured worker on site. Other interviews will be done by tele-
fho.”e within hours after the injury by Liberty Mutual trained "Session 29: Use and Evaluation of Surveillance
erviewers. Progress and difficulties with the actual pilot test wi
be summarized. Plans for expansion of the study will also be dgyStems
cussed.

Evaluation of an Educational Program to Improve the Sensitiv-

ity of Death Certificates in Identifying Occupational Fatalities—
Workers Having 20 or More Workplace Accidents - Identifica- Scheerer A, Struttman TW, Moon E
tion of Characteristics as the First Step to Developing Effective
Injury Reduction Interventions—Gallie KA, Jessup BA Surveillance of occupational fatalities in Kentucky during 1994

revealed that death certificates showed an 81 percent sensitivity in
Introduction. A retrospective analysis of the injuries reported toorrectly identifying work-related fatalities based on the “Injury at
the British Columbia, Canada Workers’ Compensation System frowiork?” field. This result prompted researchers at Kentucky Fatal-
1917-1995 showed that 15,042 workers have experienced 20itprAssessment and Control Evaluation (FACE), a NIOSH-spon-
more workplace injuries over their working lifetime. In order tasored project, to initiate a statewide program to increase the accu-
develop a better understanding of the factors associated with raey of death certificate data. Beginning in April 1995, coroners
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were provided with educational materials, via a series of presergged 65 and older, while 6 cases were less than 15 years old. As in
tions, mailings and phone calls designed to increase their use oftttee1980’s, farmers and agriculture accounted for a large number
Operational Guidelines for Determination of Injury at Work (dg29%) of the cases. Transport / drivers represented 16.6%, con-
veloped by the Association for Vital Records and Health Statstruction workers 8.5%, professionals 8%, and laborers 7%. The
tics). To evaluate these efforts and ascertain coroners’ knowledggtribution of fatality causes was similar to the 1980’s: approxi-
of the Guidelines, a telephone survey of half of the state’s 1&&tely 24% of the fatalities were caused by motor vehicle crashes,
county coroners was conducted in December 1996. Results shoamtlanother 24% were due to machines. Here, agricultural machines
that 65 percent of the coroners remembered receiving informat{¢t@D9 E-Code 919.0) represented the majority of machine types.
from KY FACE; of those, 88 percent rated FACE as having be&truck by falling objects accounted for another 9.9%, while falls
helpful in providing instruction about determining injury at workrepresented 8.2% of cases. Incidence rates for the time period were
Fifty-five percent reported routinely referring to the Guidelinesonstructed by occupation, industry, gender, and age. These were
when responding to the “Injury at Work?” question. To assessmpared to findings from the 1980’s (NIOSH - A Decade of Sur-
how coroners determine work-relatedness, they were presented wilance), and will be summarized at the conference.

brief scenarios of fatal injury cases and then asked how they would

complete the “Injury at Work?” box on the death certificate. 199 , . _—
data showed that the sensitivity of the “Injury at Work?” box i e Effect of Wprkers Compe.nsatlon L|l§eI|hood on the Report-
g of Cumulative Trauma Disorders-tincoln A, Baker SB,

identifying occupational fatalities had increased to 84.6 percem. ith GS
Analysis will continue through 1997 to assess the accuracy of ﬁ@'t

“Injury at Work?” question and further examine the benefits ofthlet duction. P " f loskeletal diti .
educational program. ntroduction. Proper reporting of musculoskeletal conditions is im-

perative to establish the incidence and circumstances of occupa-

tional injuries and illnesses and determine priorities for interven-

Wisconsin FACE 1991-1997: On-Site Investigation Findings andj, s However, biased reporting practices may be associated with
Recurrent Themes for Fatality PreventionHanrahan LP, Tiemey he jikelihood of compensation award for specific conditions. For

J, Braddee R example, in those states which require “a specific incident/acci-

. o ) dent” for compensation, workers who develop a cumulative trauma
As of March 1, 1997, 109 of 629 (17%) fatalities entering the Wigisorger may be more likely to describe their condition as an acute

consin surveillance system met the NIOSH criteria for an on-siigin/sprain, i.e., to cite a specific incident as the source of the
investigation. They included 5 confined space deaths, 11 elecrﬁ?éblem. The effect of such a potential bias would be to under-
cutions, 42 falls, 51 machine related fatalities and one firefightip@;port the incidence of cumulative trauma disorders while over-
fatality. From these, a total of 51 (47% of eligible cases) on-sjig, qting that of strains/sprains, which are considered to be acute
investigations were completed. They included four confined Spa}ﬁﬁjries. Such an effect could have dramatic impacts on the valid-

studies, 8 electrocution investigations, 23 falls, and 16 machife ¢ qata used to base decisions regarding ergonomic interven-
related fatalities. Characteristics were examined and preventipi) s and measure its effectiveness

recommendations were summarized for this case series. Farmers

were involve_d in over half _of the investigated f_atalities, and Weffethods. This study attempts to determine the existence of such a
represented in each of the in-scope types: confined space (aspharting bias by examining state-by-state variations in the pro-
ations), machines (tractor rollovers, run overs, and machine 8ions of musculoskeletal conditions that are reported as cumu-
tanglements), falls, and electrocutions. Causal factors were SWiie trauma disorders (CTDs) versus those reported as strains/
marized using the Haddon Matrix and recommendations 0 Pi&iains. A computerized, companywide medical surveillance sys-
vent similar occurrences were categorized into meaningful 9roypy, \vas used to ascertain all musculoskeletal conditions within an
ings. The Haddon Matrix and prevention recommendation analyomaker's U.S. warehouse facilities between January 1991 and
ses are still underway and will be presented at the conference.ggptemper 1996. The 19 facilities are distributed throughout 16
states which vary in their statutory outlook regarding work-relat-
Wisconsin FACE: Findings From The First Cycle of Surveil- edness of CTDs and likelihood of accepting workers’ compensa-
lance Activities—Hanrahan LP, Tierney J, Braddee R tion claims for CTDs. States were categorized on the basis of: 1)
recognition of CTDs either within state workers’ compensation stat-
Wisconsin is home for 5.1 million residents and 2.5 million workites, case law, or the definition of occupational disease/injury; and
ers. Important industrial sectors include service, manufacturing a)dikelihood of awarding compensation for a CTD claim.
retail trade; as America’s Dairyland, agriculture also plays a vital
role in the economy. From October 1, 1991 through February Fndings. Preliminary findings indicate that in the eight states which
1997, the Wisconsin FACE program tracked 629 occupational t not recognize CTDs in statute, case law, or in the occupational
talities through its surveillance system. During this period, thisease/injury definition, CTDs represent 3.4% of all musculosk-
Wisconsin workforce averaged 118 fatalities per year, or neadjetal conditions. This compares with 10.2% among those eight
one fatality every three days. Information on cases was obtaisgates which do recognize CTDs in some form. Given that any
from a network of multiple reporting sources: death certificat@usculoskeletal condition is reported, the odds of a CTD case be-
(100%); workers compensation (47%); newspaper (42%) coronérig reported in a state which recognizes CTDs is 3.26 relative to a
reports (21%); police (18%); and OSHA (11%). Detection arglate which does not recognize CTDs (95% ClI: 2.14, 4.99). A
notification steadily improved over time. For 1992 deaths, feweomparison between reports of CTDs and diagnoses that are most
than 18% of cases were reported in less than a week after the eVigely to be substituted for a CTD (i.e., strains/sprains of the hands/
In contrast, by 1994 over 43% of deaths were detected by the suiists, forearm/elbow, and shoulder/upper arm) yield similar re-
veillance program within a week of the event. The majority of cassits. For injuries to the hand and wrist, the odds of being reported
were male (92%), and white (95%). Over 15% of all cases were a CTD rather than a strain/sprain in a state which recognizes
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CTDs relative to a state which does not is 2.79 (95% ClI: 1.3396 from the Santa Monica Police Department (SMPD). Owners
5.92); for forearm/elbow conditions the odds ratio is 4.42 (1.2Bpm 20 liquor stores in Santa Monica were eligible to participate
19.29); for shoulder/upper arm conditions the odds ratio is 4.Bdthe study; 12 (60 percent) agreed. Environmental surveys to
(1.43, 14.73); and for conditions involving the hands/wrist, foreletermine risk factors for robbery and workplace violence injury
arm/elbow, and shoulder/upper arm combined the odds ratio is 3i8ffe conducted in each of the participating liquor stores.
(2.31, 6.65).

Results. Robberies and assaults are very common among liquor
Conclusion. The consistency of findings suggests that a significatdres in Santa Monica. On average, liquor stores were robbed one
difference in reporting may exist, possibly related to state worketshe in the four-and-one-half-year time period covered by SMPD

compensation policy regarding compensation for CTDs. records, with a range of 0 to 5 robberies. During the same period,
three assault-type offenses were averaged, with a range of O to 8

Session 30: Occupational Violence assaults. Robberies accounted for 13 percent of all crimes reported
to police by liquor stores; assaults accounted for 60 percent. The

Workplace Violence: Research for Preventiondenkins EL survey of risk factors identified many potential areas to introduce

prevention strategies, including cash handling, store-front window

An average 20 workers are murdered and another 18,000 bec¥igility, indoor and outdoor lighting and training in crime con-
the victims of nonfatal assaults in the workplace each week in tF-

U.S. While all workers are potentially at risk for such attacks,

surveillance data indicate that the largest number of workplde@nclusion. This survey found a number of risk factors for rob-
homicides occur in retail trade (38%) and service (17%) sectd?gry and workplace violence for which interventions could be both
The largest number of nonfatal workplace assaults occur in fRgXpensive and easily-implemented. This researchis a pilot-study
service sector (64%), particularly in nursing homes (27%) and h#at & large-scale intervention of workplace violence.

pitals (11%). The highest rates of workplace homicide occur in

retail trade (1.60 per 100,000 workers) and public administration

(1.30). Homicide is the leading cause of occupational injury degifkk Factors for Robbery and Employee Injury in Convenience
for women in the workplace and the second leading cause of degifyes_Hendricks S, Landsittel D, Amandus H, Malcan J

overall. For homicides, men are at three times higher risk than

women, but for nonfatal assaults women are at slightly higher rigkmicide is the second leading cause of workplace fatalities. Ad-
than men. Risk factors for workplace violence include dealing W'H?tionally, the annual number of workplace assaults have been es-
the public, the exchange of money, and the delivery of servicesj{ated to be one million or more. The majority of these work-
goods. Prevention strategies include environmental designs (§gce assaults and homicides are robbery related. Convenience
visibility and lighting, cash-handling devices, and bullet-resistag{ores have been shown to be especially vulnerable to robbery and
barriers), administrative controls (e.g., staffing plans and violengpnpmyee injury. The results of two studies examining the risk
prevention policies) and behavioral strategies (e.g., training in N@getors associated with robbery and employee injury in convenience
violent response to robbery). There are, however, very little sCigfsres are reported here. The first study consisted of collecting
tific data as to the effectiveness of these strategies in various §8krmation from police reports of convenience stores in the met-

tings, either alone or in combination. Research on workplace Vignolitan areas of seven states. The purpose of these data was to
lence (surveillance and risk factor research) is made more difficgdls mine risk factors (use of a weapon by the robber; number of

by the lack of complete victim, perpetrator, risk factor, and expegstomers in the store at the time of a robbery; gender of a lone
sure information. The description of the nature and magnitudee(plf]pmyee; the number of employees on duty; the amount of money
this problem has, to date, rglied on information collecte.d fO( Oths%len; time of day of the robbery; the stores past experience with
purposes (e.g., death certificates, workers’ compensation files}@fheries) which are associated with the risk of an injury given a
as part of a larger criminal justice information system (e.9., Victifsphery occurs. Results from this study as well as the limitations
ization surveys). Future research on workplace violence will haygsing police reports are discussed. The second effort was a case-
to address the limitations of existing data and focus heavily @gnirol study of convenience store robbery in the three largest
evaluating the efficacy of prevention strategies in various Setti”%tropolitan areas in the Commonwealth of Virginia where a case
store was a store with a robbery reported to the police and a control
Evaluation of Risk Factors for Workplace Violence in Liquor store was a store within a 2-mile radius of the case store which was
Stores—Hartman C, Peek-Asa C, Kraus JK, Erickson J, Howardpen at the time of the robbery. The purpose of these data was to
examine the association of store environmental designs (use of a
Introduction. Liquor stores have the second highest workplace leash limit and drop safe; location of the cash register; escape routes
micide rates in the U.S., second only to taxicab drivers. The nuamd hiding places; lighting inside and outside the store; view into
ber of nonfatal injuries to liquor store employees is unknown, bihie store from outside, within the store, and out from the store; use
likely exceeds the number of fatal events. Workplace violent injof security cameras, videos, and security mirrors; presence and lo-
ries in liquor stores are due predominantly to robbery and shoplifation of gas pumps and pay phones), geographical factors (prox-
ing, but little is known about the risk factors that make liquor storgsity to major highways and traffic routes and amount of traffic;
especially vulnerable. This study examines the robbery hist@yrrounding criminal activity; surrounding land use; socio-demo-
and risk factors for workplace violence found in a small sample gfaphic characteristics of the surrounding community), and store
Southern California liquor stores. operational characteristics (number of employees on duty; training
of employees in robbery prevention; weapons available to the em-
Methods. Robbery and assault histories for liquor stores in Saplayees) to the risk of a store being robbed. Results from these
Monica, California were collected from January 1992 through Juilata are presented. Difficulties and limitations of assessing factors
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associated with the overall risk of injury to employees from thegsnts, and taverns, were surveyed in 1995 to determine whether
two separate components are discussed. they had violence prevention training programs for their employ-

ees (a requirement for businesses covered by the standard). Over-
Washington State’s Late Night Retail Worker Crime Protectionall, awareness of the regulation was low (4.4%). Employers cov-
Regulation: Relationships with Employer PracticesNelson N, ered by the regulation were more likely to have training programs
Mendoza CT, Silverstein BA, Kaufman JD (OR=1.4), as were those aware of a regulation (OR=3.4). State

OSHA plan contact (in the form of a compliance inspection or con-
Washington’s Late Night Retail Worker Crime Protection regulaultation visit) was also associated with having a training program
tion, which became effective in February of 1990 and is enforcédR=1.9). There was some suggestion that chain businesses were
by the state OSHA program, was intended to prevent injuries fimpre likely to have programs (more specifically, those chains that
deterring violent crimes in retail establishments. We investigatedd experienced a robbery). Despite low awareness of the stan-
whether the regulation was associated with businesses’ violedeed, results suggested that regulatory efforts to protect high-risk
prevention activities. 1,516 employers at high risk of robbery, iBmployees were associated with employers’ robbery and crime pre-
cluding gas stations, groceries, convenience stores, hotels, restantion activities.

Day Three--Friday, October 17, 1997

Session 31: Injuries and Fatalities in Retail measures will need to be identified and evaluated. Prevention
Trade measures must be flexible to fit a variety of workplace settings.

Workplace Deaths in the Retail Industry, US 1992-199Beek- Fatal Occupational Crushing and Amputation Injuries in Scrap
Asa C Balers and Compactor-Moore PH, Smith EO

Introduction. In many urban areas of the United States retailF@rpose. Scrap balers and compactors reduce large amounts of solid
among the fastest growing economic sectors and employs a gr@éiste to small units by means of powered rams or compacting pan-
ing percentage of the overall workforce. Although retail has ngls. These machines are used by manufacturing companies to handle
traditionally been identified as a high-hazard industry, it is amongge amounts of scrap and waste materials such as paper, cotton
industries with the highest number of workplace deaths. The Bihd metals, by retail and service establishments to compress paper
reau of Labor Statistics reported that 17% of all workplace deatiisd cardboard boxes, and by government agencies for refuse col-
in 1994 were among retail workers. This presentation will examection, disposal and recycling. Stationary compactors and balers
ine workplace deaths in the retail industry in order to identify spgre commonly used in recycling centers, manufacturing facilities,
cific types of workplace hazards. and retail stores, while mobile compactors are used in refuse col-
lection. The goal of the presentation is to describe the circum-
Methods. Workplace deaths reported to the Bureau of Lah&iances and risk factors associated with crushing and amputation
Statistics’s Census of Fatal Occupational Injuries from 1992 througiuries due to baling and compacting equipment, and to provide
1995 were examined. The retail industry was identified using Staseommendations which employers and workers can use to pre-
dard Industrial Codes 5210 through 5999; types of retail establislant future injuries.
ments were further divided by SIC. Characteristics of deaths in-
cluding age, gender, occupation, activity, and type of injury weRgesearch Data. Data sources were the National Traumatic Occupa-
compared between retail and other industries. tional Fatalities (NTOF) surveillance system, the Census of Fatal
Occupational Injuries (CFOI), and the Fatality Assessment and
Results. The three leading causes of workplace death in the rega@ihtrol Evaluation (FACE) project. NTOF is based upon death
industry were violence (69.8%), motor vehicle crashes (18.9%) aguttificates, CFOI identifies fatalities through multiple sources, and
falls (3.1%). Workers killed in the retail industry were 9.0 timeSACE combines surveillance of occupational fatalities with site
more likely to die because of a violent event than workers in othevestigation of selected fatality types.
industries (95% CI =8.38 - 9.66). Although violence-related deaths
decreased slightly over the study period they remain the leadigpothesis. Crushing and amputation injuries sustained due to bal-
cause of retail deaths. Among different types of retail establishg and compacting equipment are preventable. Determination of
ments deaths attributable to violence ranged from 22.4% (buildigigcumstances and identification of risk factors can lead to the de-
supply) to 98.9% (liquor stores). Females, younger workers, @@lopment of prevention strategies.
cupations dealing with money and the public were at highest risk
of a violence-related death. Risk factors, types of injuries, améthod. Fatalities were identified through key word searching of
activities during injury will be examined in the presentation.  all three databases and were further classified by machine type (sta-
tionary or mobile). Field investigations conducted by the New Jer-
Discussion. Workers in the retail industry are at lower risk of maséy FACE program evaluated the circumstances of three of these
types of workplace deaths but have a markedly increased riskaafilities. Risk factors identified were addressed by the develop-
death by violent means. As workplace violence becomes a larggint of recommendations for injury prevention.
proportion of workplace deaths and the industries at greatest risk
of workplace violence increase in number and size, preventiResults. The NTOF identified 58 fatalities involving compacting
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and baling equipment occurring between 1980 and 1992. Molidleomplex operating environment were evaluated.

compactors contributed to 31 of these deaths. CFOI data for 1992

to 1994 included 18 fatalities . FACE identified 9 fatal incidenfBhe study concludes that mechanical blocking of the platen and

in 7 states due to crushing or amputation in compactor or balipgper lockout/tagout should remain the primary control of haz-

equipment; all but one were stationary machines. A large propardous energy to prevent baling-equipment-related amputation and

tion of the fatal injuries occurred when the victim was caught keyushing injury.

the ram (platen) while inside the baling chamber, resulting in am-

putation or crushing injury. These incidents usually occurred duiork-Related Back Injuries in Retail Merchandise Workers—

ing attempts by the victim to free jammed material inside feed chu®ardner LI, Collins JW, Johnston JJ, Landsittel DP

of operating machines. FACE data shows that these fatalities fre-

quently occurred when appropriate hazardous energy control pBack injuries are the single most costly workplace injury and have

cedures were not implemented during servicing of the machine¢geived much attention in workplaces which require frequent heavy

clear jammed material. At least two incidents occurred when vie-25 pounds) lifting. However, in the retail merchandise industry,

tims fell into the balers, unknown to their co-workers. Risk factovgeights of merchandise are generally modest and seldom above 25

include failure to de-energize equipment before servicing, lackgdunds, suggesting that material handling-related back injuries

hazard recognition on the part of the victim, bypassed or inopefigight be of lesser importance relative to trauma-related causes of

tive control interlocks or other safety features, unsafe meanshatk injuries. In atypical retail merchandise store, causes of trauma-

access to the inside of the machine for servicing, and lack ofetated back injury include falls associated with the use of ladders,

system to account for the location of workers. wet surfaces, and being struck by falling merchandise. All of these
factors suggest the potential importance of trauma-related back in-

Conclusion. Fatalities due to baling and compacting equipmguties. This analysis documents the distribution and determinants

could be reduced or eliminated if employers and employees wogftnaterial handling-related and trauma-related back injuries in this

implement and follow appropriate hazardous energy control pfarge and growing segment of the workforce. As part of a larger

cedures. Prevention strategies include de-energization of machimespective intervention study, the authors collected workers’ com-

prior to and during servicing, provision for safe access to feed chytesisation and payroll data from 51,363 store workers in 97 stores

and hoppers for clearing jammed material, and compliance wW{tif the same chain) over a 10-month period in 1996 and 1997.

consensus standards. Strain or sprain of the back associated with material handling was
the most frequent back injury: 269 of 350 back injuries (78%).
Trauma-related back injuries, which included caught by/between,
struck by, miscellaneous, slip, trip, or fall accounted for 81 (23%)
of the total back injuries. Days off work, a measure of severity,
suggested material handling-related injuries were more severe (31%

Factors Limiting the Use of Frame Deflection Monitoring to Pre- with 1 or more days off), compared with 17% with 1 or more days

dict Material Jams in Baling Equipment-Etherton J, Moore P, off for trauma-related back injuries.

Harris J, Zeng S

The risk factor profiles were similar. In both material handling-
Recent NIOSH fatality investigations have shown that workers rigiddated and trauma-related back injuries, less experience on the job
amputation and crush injury while attempting to clear jammeedhs strongly associated with a claim, after adjusting for age, job
material from the loading chambers of operating baling equipmetitie, and sex using a Poisson regression model. For material han-
This type of jam occurs when material fills the gap between tHéng-related back injuries, the rate ratio was 2.75, p<.0001 for
edge of the baler’s platen (ram) and an interior wall of the loadimgrkers with 2.2 months or less of experience compared to those
chamber. Typical hydraulic actuated cardboard balers generatevéifh 10.7 or more months of experience. For trauma-related back
70,000 pounds force which tends to shear material lodged in thigries for the same groups, the rate ratio was 3.00, p<.01. Sex
platen-edge internal-wall gap. and age were not significant risk factors for either material han-

dling or trauma-related back injuries. The excess risk of material-
This study evaluated the feasibility of developing a process mohandling-related back injuries for stockers and receivers compared
tor to detect and warn workers of impending jams. A proposal wasvorkers who only occasionally perform material handling tasks
made at NIOSH that signals generated by strain gage transdudease ratio = 1.75, p<.0001) was similar for trauma-related back
placed at locations on the machine’s frame experiencing large iguries (rate ratio = 1.58, p =.09). The only really important dif-
formations preceding jams, could be used to interrupt platen moference in the risk factor profile was that the material handling-
ment; warn of impending jams by triggering alarms; shut-dowelated back injuries for workers with intermediate levels of job
the machine; or otherwise provide a new safety control. experience (between 2.2 and 10.7 months) had rate ratios above

2.0, but for trauma-related back injuries the rate ratios for the same
A system safety analysis using FaultrEASE software was conduatetkgories of experience were below 2.0. In summary, we found
to describe the sources of variation in operating conditions tllaat the majority of back injuries in these workers were related to
could confound the transducer response of the proposed safetynagterial handling and that the severity level for material handling
vice. Adequate signal conditioning is also needed to adjust for theck injuries was higher. But the similarity of risk factor profiles
effects of temperature differentials, vibration, electromagnetic isuggests that prevention efforts, whether directed at material han-
terference, and other factors present in the indoor and outdoor diprg or at trauma hazards, could be directed at the same workers
erating environments typical for these machines. Limiting factofstockers and receivers with the least job experience) for the big-
that reduce the precision of monitoring with a single transducergast return per dollar of prevention effort.
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Session 32: Mining Safety is used to conclude the paper.

Enabling Technologies for Reduced Exposure MiningMelch Reducing Acute Injury From Mine Roof Failures During Re-
JH mote-Control Mining of Extended CutsBauer ER, Steiner LJ

Between 1986 and 1995, there were 337 deaths and 72,748 sevaderground coal mine workers are subject to many injury caus-
injuries to workers in underground U.S. mining operations. Mairyg hazards, including injuries resulting from falling roof rock. One
jobs in an underground coal mine are clustered around the gregticular work task that seems to be especially susceptible to acci-
where machinery digs coal from the surrounding rock, called “tdents from falling roof is the remote-control operation of the con-
face”. The potential hazards in this area are numerous: Whenttheous mining machine. Remotely-operated continuous mining
coal is removed, the ground around it becomes unstable and wachines are widely used in the U.S. coal industry and are an es-
cave in on workers. The mining machinery used there are largential part of mining extended (deep) cuts. Prior to development
heavy, powerful, and move in different directions in a very colf remote control, continuous mining machine operators were lo-
fined space, presenting danger to workers. The machines churcated in the deck of the machine and protected by an overhead
coal dust that causes black lung and generate noise that causes texaopy. The use of remote control has removed the operator from
ing loss. the machine and out from under the protective canopy. The opera-
tor is now free to move about and position himself where he can
The NIOSH, Pittsburgh Research Center, recently completed alyest see the mining operation. While remote control has taken the
search program to develop enabling technologies that might saperator further from immediate face area hazards, it has increased
stantially reduce worker exposure to face hazards in undergrowatk crew exposure to known hazards and introduced them to new
mines by relocating equipment operators to an area of relative safetyards. Fall of roof and rib as well as interaction with other run-
and health. This reduced exposure mining concept is an altenmiag equipment are now major concerns for remote-control con-
tive approach to other safety and health research efforts to rediirm@ous mining machine operators and others working in the face
potential health hazards such as dust and noise exposure aratda. Reducing exposure to these hazards requires a systematic
reduce accidents in the work place. In this research program, saraluation method to address aspects of work procedures and work
sor and computer technologies have been developed to allower@vironment.
mote control of mobile mining equipment, specifically continuous
mining machines and haulage systems, in the face area. This papé presentation will address the mine worker population at risk,
describes these technologies for reduced exposure mining, mawew the associated accidents and fatalities, and describe the major
of which also have non-mining applications for worker safety amebrker safety issues specific to remote-control mining. In addi-
health. tion, NIOSH roof fall accident prevention research efforts will be
described, and the injury/accident prevention techniques being
implemented by the mining industry to reduce acute injuries from

Safety Issues and the Use of Software-controlled Equipment iFf‘”S of roof will be presented.

the Mining Industry—Sammarco JJ, Kohler JL, Novak T, Morley
LA Lower Injury Risk for Underground Low-coal Equipment Op-
erators Using Ergonomic Seat with Viscoelastic Foanayton
Software-controlled equipments are increasingly employed in mify; Merkel R, Gallagher S
ing, because of its ability to effectively solve complex industrial
control problems. For mining, the human element is almost @perators of underground mobile equipment, particularly shuttle
ways involved and, therefore, safety is critical. Software controlgars, experience significant levels of shock and whole-body vibra-
relatively new to mining, and this industry can benefit from lesion (WBV). Research sponsored by the U. S. Bureau of Mines
sons learned from applications in other industries. These inclyd&SBM) has indicated that as many as one-third of underground
guidelines, methods, and processes for safety-critical software agdipment operators may be exposed to adverse levels of shock
systems. Accordingly, the National Institute for Safety and Healimd WBYV. Moreover, cumulative back, neck, and abdominal dis-
(NIOSH) has initiated a project to address processor-controliediers are linked to prolonged exposure of equipment operators to
equipment safety. A systems-level approach has been takenshéck and WBV. Also, traditional seats on mining equipment are
panel from industry, academia, and other agencies has provigtettiequate concerning the human needs of the equipment opera-
project input. Software development and human-machine intergm= In the extreme, a mining vehicle seat has sometimes consisted
tion were identified as the leading concerns of the panel. Addfa bent steel plate bolted to the machine frame or hard rubber on
tionally, extramural activity was established with The Pennsylva-steel bench. Further, restricted space in low-coal mines makes
nia State University and The University of Alabama to survey asdat suspension systems difficult to use in isolating operators from
analyze mining equipment and processes. These researchershwmik and WBV. The Human Factors group at the NIOSH—
with manufacturers, the Mine Health and Safety Administratidrittsburgh Research Center is responding to these issues with re-
(MSHA), and mine operators. Their findings and recommendsearch on viscoelastic foams applied to an ergonomically designed
tions are given in the paper, and include issues involving hasgat. For the full-load case, an ergonomic seat with viscoelastic
ware, training, human factors, documentation, software, and cdiwam isolated the low-coal shuttle car operator from shock down to
patibility. More than 200 standards and guidelines have been 18-Hz. With results from foam testing, an analytical model identi-
viewed for applicability to mining, and an identified select list ified viscoelastic foam capable of lowering the isolation frequency
presented. A framework for system and software safety guideliies vehicle shock to below 5 Hz. This paper discusses work that
has been investigated for mining applications, and this informatibas led to improvements in a low-coal shuttle car seat.
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Session 33: Injury Risk Factors for Specific ing at small mines in low or medium seams are at higher risk of
Worker Populations being fatally injured by a fall of unsupported mine roof. These
results suggest the importance of considering the working height

. o . . of the mine as the well as the employment size of the mining opera-
Analysis of Fatal Injuries 1973-1997 in the Automotive and Othefijoy \when developing intervention strategies to reduce injury risk

Industrial Sectors Represented by the UAWAHewe J

to underground coal miners. Results also identify the need to fur-

. ) . ther explore how mining height contributes to the frequency and
The UAW has compiled a database of occupational fatalities Wh@é\/erity of injuries.

occurred in workplaces covered by collective bargaining agree-
ments from 1973 to the present. To date there have been 414fay Factors for Injuries Among Veterenarians in Minnesota—
talities. Case counts have been ma}de by job classification, indugity, e CL, Gerberich SG, Maldonado G, Robinson RA
type and selected agents. Approximate rates have been calculated
by industry type. From information collected following the fatalocypational injuries are a major source of morbidity and mortal-
ity, a summary paragraph has been composed which was the hgsismong all workers; among veterinarians, little is known of the
for then classifying cases on process risk factors and causal pgifiant of injuries sustained and the major causes of and risk factors
ways. The most important findings have been the high risk fof; \yorkplace trauma. Veterinarians face many hazards in their
workers in skilled trades, those that use or work near poweig, work including the potential for acute trauma from animal
material vehicles and those in production service. Other high rigs other animal interactions, needle sticks with biologicals or
activities included: demolition, handling heavy items such as steglarmaceuticals, and lifting of heavy objects. Veterinarians share
coils or press dies, and troubleshooting machine failures. Thgigny exposures with agricultural workers, the group with one of
has been a substantial decrease in industry sectors since the imglenighest occupational injury rates. Based on available data, the
mentation of joint health and safety programs. injury rate for veterinarians is at least 10 per 100 veterinarians per
year and may be as high as 20 per 100 based on a recent pilot study
by the investigators.
Effects of Mining Height and Mine Employment Size on Injury
Rates in Underground Bituminous Coal MinesFetta B, Mallett There were two primary aims for this study: one, to identify the
L magnitude of the injury problem among veterinarians who prac-
ticed in Minnesota during 1996 and, two, to conduct both case-
While the effects of either mining height or mine employment sizeossover and case-control studies to ascertain the specific risk fac-
on injury rates in underground coal mines have been examirers involved. The research design employed an initial survey to
separately, the present study attempts to examine the joint coratsicertain and characterize the cohort, and a case-crossover study
bution of these two variables to the risk of injury to an underground selected risk factors, followed by a nested case-control study
miner. Using the mine- level employment and injury data reportachong this population.
to the Mine Safety and Health Administration (MSHA), mines were
stratified by average coal seam height (<43 inches, 43-60 inchesurvey was sent to all 2,687 licensed veterinarians to ascertain
and >60 inches) and by the average number of employees workirigether they practiced in Minnesota during 1996. In addition, in-
at the mine (<20 employees, 20-49 employees, 50-99 employfemation was collected on type of veterinary work, demographic
and 100+ employees). The employment data show that as the niators and the numbers and relevant circumstances of injuries, if
ber of employees increases, the proportion of hours worked in lany, sustained during 1996; eight questions were included to en-
seams decreases substantially. Additionally, miners injured in snaddle a case-crossover analysis of the relation of specific hypoth-
low seam mines are, on average, younger and less experienceddebied risk factors to injury occurrence. The response rate to the
miners injured in large high seam mines. Nonfatal and fatal injunjtial mailing was 62%; a second mailing of the survey is under-
rates were computed within each category of employment size aral/ which will be followed by a third mailing involving a brief
seam height for the major types of accidents (ground falls, poguestionnaire to identify minimum information on exposures and
ered haulage equipment, machinery, handling materials, slips anjdry experience.
falls, hand tools). To reduce the confounding effects of mining
method on injury rates, mines using longwall mining methods wefeom the identified cohort of veterinarians who practiced in 1996,
identified and excluded from analysis. Results suggest that, regarases and controls will be selected for a nested case-control study.
less of the employment size, as mining height increases, minersAdrénjured persons will be selected as cases; controls will be se-
at increasingly higher risk of injury from accidents involving shuttlected from among the population at risk. A mailing to both cases
cars and falls of ground. Conversely, as mining height decreases] controls will include a comprehensive questionnaire designed
miners are at higher risk of injury from accidents involvingp elicit specific information on potential risk factors that will en-
roofbolting machines, load-haul-dump types of powered haulaglele comparison of the exposures between these groups and ascer-
equipment, personnel carriers, and powered haulage conveyors tadmthe major risk factors associated with injury. This mailing will
the other hand, regardless of the height of the coal seam, mitersnitiated in June, 1997. Preliminary results will be available at
working in large underground mines have higher rates of injurigee time of the conference.
resulting from accidents involving handling materials and
nonpowered hand tools, but lower rates of injury from accidersvalidation substudy will be conducted among a random sample
involving continuous mining machines and from fatal accidentg 10% of the cases and controls, through a review of medical
involving falls of supported mine roof. As expected, injury rategcords.
for accidents involving a slip or fall increase as the seam height
increases. However, the rate of injuries due to slips or falls aBlois study design will allow us to calculate the rate ratios for the
increases as the employment size increases. Finally, miners wesiposures of interest related to the risk of injury and evaluate po-
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tential confounding variables. We will also have a comparison iafiplemented, but not well documented or regarded. Training and
the results obtained via the traditional case-control study as ceducation programs are considered to be an essential component of
trasted with the case-crossover study. Multivariate analysis (c@mevention strategies aimed at reducing musculoskeletal injuries.
ditional logistic regression) will be presented to examine the reld/th the current emphasis on worker education and the shift into a
tion between specific risk factors or protective factors and the eoanaged care environment, there is a need to demonstrate the value
currence of veterinary work-related injuries. of current educational programming for prevention of injury.

Case-Referent Study of Injuries in the Wood Products Indus- "€ Purpose of this survey research was to create a data base of
try—Punnett L available musculoskeletal work injury prevention programs includ-
ing information on program content, program parameters, and meth-

A case-referent study was carried out of risk factors for injuries(f(qS of evaluathn to assess effectlver_1ess of the programs. Based
n a thorough literature review, a scripted survey with structured

workers in sawmills and other wood product manufacturing faciff! ) 4
ben ended questions was created. The questions were used to

ties to identify ergonomic, safety, and organizational causes of . g ) d | : ithout bi i

jury in the work environment. A population-based, case-contrd t_aln resr()jokr)l err:ts answerr]s an Ter:(p anatlon? V;I]lt out 1as orl I(;nd

study design was employed, in which all First Reports of Injurl Imposed by the researcners. 'ne scope o the survey include
e, method of construction or philosophy, content, pre-program

from the wood products industry to the Workers’ Compensati I di ded ffecti fth d
Commission in the state of Maine were identified as potential ca: qla collected, intended outcome, effectiveness of the program, an
ow the program was evaluated.

Controls were randomly selected from production workers in p
ticipating workplaces and union locals. Interviews of 157 case

and 251 controls obtained information on demographics, work f&- ed T he | d th h |
tory, usual production tasks, equipment and tool characteristiggAMms was compile rqmt e Internet an t rough personat con-
t with experts in the field. Of the companies identified, ten met

and physical and psychosocial features of the work environmefit.". i o )
Workplace characteristics were obtained from supplementary £ |_nclu5|0n criteria th_at they (_)ffered musculoskeletal injury pre-
tabases. Crude odds ratios and multivariate logistic regressY&Qt'ons pro_gl;l_rams Whlc.h _specnflcarllly talrge;[]ed the Worker:nd that
analyses estimated associations with task and work environm were willing to participate in the telephone survey. A repre-

factors. Among the interviewed cases, about one-half of the |0§(§_ntative from each company answered survey questions and pro-

time injuries were acute traumatic incidents and one-half We\f@Ed |nfo(rjmat:jon. Resrr])onses fromfeach pf_artl(_:lpatlng company
musculoskeletal disorders. Cases were more likely than contfjfgf© typed and sent to the company for verification and accuracy.

to be employed in machine-paced jobs, to experience louder n(}i g descriptive information from the survey was then assimilated
levels and faster work pace, to have higher lifting demands dRlp common categories.

more frequent postural stress, and to experience lower deCiSi(EEe its of th indi q d iability i
latitude and social support at work. The three strongest risk factg resu t_s of the SUIVeys in icated a tremen ous vara lity in
ogramming and evaluation. Programs differed in terms of pro-

in the multivariate models were processing of hard wood (vs. soft : . .

working in earlier stages of production (eg., sawmills), and hi am r_nechamcs, presentation styles, F:ontent, and intent. Although

physical demands. Decision latitude and social support appea € 1S some a_tg_reement thf_it educational programs are important
mponents of injury prevention, there was an overall lack of evalu-

to have small protective effects. The other variables that were § he effecti f ed ional
nificantly associated with injury occurrence in the multivariat@" 0N Measures to assess the effectiveness of educational program-

analyses were being male, having one year or less on the curfaiRg as a prevention strategy.

job, inability to take a break when tired, and a lockout/tagout pro- . . . . .
is presentation will provide an overview of survey results. Based

gram in effect. Inferences from these results may be limited by 'EH%

potential for information bias and for non-representative participa- the information collected and review of literature, recommen-

tion of workplaces and of individuals. Nevertheless, the eviden gtlons_ for the_ design of programs and measurement of effective-
suggests that many work-related injuries in sawmills and other wdbtPS will be given.

processing plants are preventable. High physical work load, noise

levels, machine-pacing, production quotas, decision latitude, and

the quality of supervision can all be addressed by proper enginé:’(_:rlgmoting Safety and Health in Vocational, Industrial, and Tech-

ing and administrative organization of the workplace. The high%'FlaI E_du\;:atlon Programs: Guidelines and Cumicula
risk for workers with low seniority suggests a healthy worker eﬁa assis

fect in the study population or an effect of less experience with . o . . .
actual job conditions, or both; to the extent that the latter is tr%c'dem statistics indicate that in any given year, approximately
t

training and other programs targeting the newer worker might a If of occupational injuries are sustained by employees with less
help to reduce injury rates an one year of job experience. NIOSH estimates that in the USA

200,000 adolescents suffer work-related injuries each year, out of

. . . . them, 64,000 require treatment in hospital emergency rooms, and

SeS_SI_On 34: Safety Communications and 70 die of work-related injuries. More than half of the injured ado-

Tralnlng lescents reported that they had not received any training in how to
prevent the injury they sustained. Adolescents have a high risk for

Educational Programs for Musculoskeletal Work Injury Preven- work-related injury compared with adults. There are more than 11

tion—Bohr PC million students that attend vocational/ technical schools in the USA,
and the majority of them are employed after school hours.

There is a rising trend toward disability associated with work-in-

duced trauma. The need for valid preventive measures is apparEmé. purpose of this NIOSH-EID project is to increase the safety

Prevention intervention programs have been established and widaliareness and safety education of the vocational school teachers
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and administrators so that information can be passed on to the Betermining the Safety and Health Curriculum Needs of Sec-
dents during vocational training and prior to entering the work epadary Vocational Agriculture Teachers: A Collaborative Ap-
vironment; to produce informed students capable of recognizimgpach—Thompson RW, Shiflett S
controlling, and remediating vocational safety and health hazards,
applying safe work practices, and consequently becoming saferTaere is not an effective, systematic approach to agricultural safety
ture workers. and health education for secondary students in the United States.
To address the problem, the Teaching Agricultural Safety to Kids
The methods of this project are accomplished via partners whopiggram at the University of Missouri-Columbia surveyed 260 sec-
develop, and evaluate safety and health curriculum materials andiary agriculture teachers to determine their need for safety and
student learning activities, including intervention and preventidrealth materials in eighteen subject areas. Findings from the de-
programs for injury and illness in vocational schools; 2) collabseriptive study were used to guide the development of safety and
rate with vocational associations and agencies to develop, enddngelth instructional materials, including student reference guides,
promote, and support national safety and health curricula and guidecher demonstrations, and student competency assessments. A
lines for all vocational schools. 33 general safety and health méshr-step process was used to develop the safety and health in-
ules relating to vocational shops are under various stages of desglictional materials: Needs Assessment-Development-Technical
opment and evaluation. Additional modules will be developed Review-Evaluation. Professionals that collaborated on the project
the next two years. The finalized products are compiled into metluded secondary agriculture teachers, public health profession-
instructors’ training resource manual. They are also electronicadlls, extension staff, state education personnel, agricultural safety
being installed and featured in the Internet in the NIOSH Homspecialists, agricultural education staff and private industry safety
Page. Video training materials and interactive CD-ROMs aemgineers.
planned to be produced. Working with partners in safety and health
educatipn, the products are being dissgminated and_eva}luated: Ing@ssion 35: Injuries and the Military
mentation of safety and health curricula and guidelines will be
monitored through the departments of education in every US state
and territory. Much work is needed to develop and evaluate tiee of Surveillance Databases for Analytic Research: Hospital
50+ remaining curricula. The effectiveness of the program will Batabases in the Army-Smith GS, Lincoln AE, Baker SP, Forney
evaluated via multiple surveys. Close monitoring of injury stati&K
tics of adolescent workers over the period of next 10+ years will
also indicate the efficacy of the program. Introduction. Hospital discharge databases are an important tool
for injury surveillance research. However, they usually measure
prevalence rather than incidence of hospitalized injuries because
Makin’ it Real: How to Develop Effective Educational Methods the lack of personal identifiers prevents identification of duplicate
and Materials on Workplace Health and Safety for Adolescenadmissions for the same problem. Linkage to other exposure data
Workers—Brown MP and the ability to follow individuals over time is also not possible
with most hospital discharge data.
Introduction. Occupational injuries for teenage workers is a seri-
ous problem in the United States. OSHA estimates that 200,00@pose. This study seeks to demonstrate the value of hospital dis-
adolescents suffer such injuries/ilinesses each year; 64,000 of ttssege data for: identifying injury priorities; evaluating injury risks
end up in the emergency room and 70 die from work-related inpetween males and females, controlling for exposure; and conduct-
ries. Most young workers receive little or no health and safety traing case-control or cohort studies to evaluate injury risks.
ing from their employers or at school. Many of these injuries occur
in the workplace where employers are violating safety and hedllethod. Hospital discharge data were analyzed from 1982 to 1994.
or child labor laws. These now contain a scrambled social security number that per-
mits identification of individuals and linkage of admissions over
Purpose. The aim of this presentation is to describe methods tmee. Causes of injury are available on all admissions using
NIOSH-funded young worker project used to tailor education8TANAG E-codes, a modified E-code with more detail on mili-
methods and materials to the needs/interests of 9th graders intanehazards. Demographic data on rank, occupational title, length
high school’s required education and career planning class. Thekservice, and other data are used to calculate person years of ser-
health educators will discuss how to make such materials useflite. Injury rates are calculated to include adjustment of injury
relevant, culturally sensitive, highly graphic, and “hip.” risk by exposure as measured by occupational title. Repeat hospi-
talizations for the same injury can be identified and cohorts of people
Results. The authors will analyze what worked and what did notfaBowed over time. For example, data on all homicides occurring
they involved their target audience in educational methods and ritawomen in the military are being linked to hospital discharge
terials development. They will talk about the need to incorporadata to examine if these women have higher rates of prior injury
other related issues—such as sexual harassment, workers’ coaspitalizations. Analysis by injury type will be used to develop a
pensation and child labor laws—into a health and safety edupaedictive index of risk of subsequent homicide for specific hospi-
tional program and how they accomplished this. talizations.

Conclusions. How to insure the adoption of these lesson plans Regults. Injury hospitalization rates were higher in men than women
materials by other schools and employers will be discussed. H@8.1 vs 11.0/1000 PY) while musculoskeletal hospitalizations were
the lessons learned from this project can be applied to adult workigher in women (27.2 vs 34.4). Musculoskeletal problems (ICD
health and safety education and materials development also willdmle 710-730) are an increasing problem in the Army with hospi-
examined. talization rates that are increasing while injury hospitalizations (ICD
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800-999) are decreasing. Internal derangement of the knee (liZ&tion, disability, fatality and other data sources on all active duty
717) is the leading musculoskeletal conditions with higher ratesgarsonnel between 1/1/79 and 12/31/94, and the database is up-
men than women and much higher rates in the Army (28.5/100,@ed annually. More than 2.3 million individuals are included in
population) than comparable civilian data for Maryland (7.7he database; 11.8% are women. The database is unique in that it
10,000). Potential reasons for this difference will be discussedimdudes large numbers of women in various occupations, many of
will the relationship between these conditions and old injurieshich have no civilian counterpart.
Males were more frequently hospitalized for athletic and fighting
injuries while women had higher rates of poisoning and toe def@ne of the first epidemiological studies to utilize TAIHOD is a
mities. Further analyses of male/female rates adjusting for occase-control study of general and gender-specific occupational risk
pation will be presented. We will also illustrate how the hospittdctors for disabling knee injuries. This study is underway, as of
discharge data can be used for more detailed analytic studies. Agnil, 1997, at the University of Massachusetts. Based on the
example using the predictive risk index for homicide will be diSFAIHOD, nearly 9,000 disability determinations for knee prob-
cussed. lems were made over the 15 years covered; nearly 1,000 of these
determinations were for women. In this study, cases were defined
Conclusion. Hospital discharge data are useful to identify new prais-all enlisted women and a random sample of 1,000 enlisted men
lems such as increasing musculoskeletal hospitalizations. Therexeiving a disability determination between 1980 and 1994. Dis-
istence of unique identifiers also greatly increases the unity of hability cases were chosen over injury cases for two main reasons:
pital discharge data for injury research. Much can be learned fiest, disability generally will be designated for each soldier only
garding the further potential of hospital data for occupational innce, making it possible to identify “incident” disabilities (unlike
jury research using military data which has the capacity to liijury records, which may be for incident or recurrent events, or
discharges with other databases may go unrecorded); and second, disabled cases indicate a mini-
mal level of severity. Controls were defined as a random sample
Traumatic Injuries in U.S. Army Infantry Trainees-€anham ML  of 3,000 enlisted women and 3,000 enlisted men selected by calen-
dar year in proportion to the cases, thus approximating a density
Physically demanding occupational training (e.g., police, fire, asgmpling approach.
military) can result in a high incidence of injury. We conducted a
study to quantify injury incidence and determine potential risk faéve will use multiple logistic regression procedures to compare
tors during U.S. Army basic infantry training. Medical recordsases and controls with respect to demographic and occupational
and physical fitness test scores were obtained for 197 male tré@gtors such as race, age, rank, duration of service, and Military
ees. Inone company, there were a total of 315 clinic visits duri@gcupational Specialty code (from the personnel database) and
the first 11 weeks of training; 25%(124) of the visits were for tratumbers and types of hospitalizations and accidents (from the hos-
matic injuries, 39%(79) for overuse injuries, 34%(107) for illnesseytalization and safety databases) occurring during the follow-up
and 29%(5) for other reasons. Traumatic injuries with the highgstriod. Follow-up begins with the enlistment date or 1/1/80, which-
incidence included sprains and abrasions or lacerations. Overiges is later, and ends in the year of the disability determination for
injuries with the highest incidence included musculoskeletal pathge case. These basic analyses will be augmented by analyses fo-
strains, and retropatellar pain syndrome. The overall incidencecgging on the specific types of knee injuries or conditions leading
traumatic injuries in this company was 6.4/100 trainees/month; tigedisability. All analyses will be stratified by gender, since a pri-
overall incidence of overuse injuries was 10.0/100 trainees/moriitary goal of this study is to fully understand the differences in
Risk of sustaining an overuse injury was associated with lowggnder-specific risk factors for disabling knee injury.
fithess level upon entry to training as measured by pre-training
two-mile run times (RR=2.5, p=0.01, 95%CI=1.2,5.6). This assB-preliminary analysis of Army disability data for 1990-1994, only,
ciation was not as strong for traumatic injuries (RR=2.1,p=0.1ltgs revealed that differences in the risk of serious knee injury by
95%CI=0.8,5.5). When injury incidence was compared acra@@nder and job type may exist (Feuerstein, 1997). Understanding
fitness levels, slower runners were more likely to sustain traumagiender differences in risks for occupational disability should lead
and overuse injuries (chi-square for trend=3.0,p=0.08;chi-squé@dncreased injury prevention through appropriate training, educa-
for trend=9.6, p=0.002, traumatic and overuse respectively). tian in injury prevention, and improved ergonomic design of equip-
conclusion, injuries accounted for approximately two-thirds of aent. Since women are employed in a vast range of non-combat
clinic visits made by the Army infantry trainees studied and traigccupations in the Army, the benefits of such investigations reach
ees that were least fit upon entry to training were at a greater riskeyond military services into civilian populations.
sustaining either a traumatic or an overuse injury.

Risk Factors for Occupational Disability Resulting from Knee Maritime Preventive Medicine Program. Discussion of the U.S.

Injuries in the United States Army-Sulsky SI, Amoroso PJ, Mundt Coast Guard Initiative for Occupational and Environmental

KA Health and Safety Concerns Affecting the Nation’s Maritime
Industries and Workers-dngs TJ, Adess M

The United States Congress established the Defense Women's

Health Resource Program (DWHRP) to better understand heddtickground. The Bureau of Labor Statistics and NIOSH have iden-
and combat readiness issues specific to women in the military. @fied the maritime industries, particularly fishing, as among the
project sponsored by DWHRP was the Total Army Injury angiation’s most dangerous. Data compiled by Coast Guard mishap
Health Outcomes Database (TAIHOD), developed at the US Arrmyestigation and reporting systems underscore the major economic,
Institute of Research in Environmental Medicine, in Natick, Masnvironmental, and human costs incurred by marine vessel and
sachusetts. TAIHOD links demographic, occupational, hospit@lersonnel causalities.
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Work-related health hazards affecting maritime workers are rditfferent from those of land-based analogues. In addition, the ready

well characterized. The magnitude and extent of morbidity antbvement of vessels across state and national boundaries and shift-

mortality affecting most maritime subcomponents are not knowing economic stability compound understanding and approach.

An unique aspect of maritime occupations is that vessels serve si-

multaneously as work place and home. Living space and wdlkscussion. The purpose of the Coast Guard program, “Maritime

spaces are often compressed, may be in-common, and physidalBventive Medicine” (MPM), is to provide focus to identify, as-

exist in close proximity to cargo, fuel, propulsion, and storagess, and prevent occupational-related health and safety problems

spaces. Ventilation, water, sanitation systems may cross-link orifb¢he maritime arena. MPM has three major action areas: 1) de-

shared between living and other vessels spaces. The maritimevelep an academic, government, and industry collaboration titled

vironment is often treacherous, presents the extremes of weatteaytnership in Maritime Medicine”; 2) team with key organiza-

is inherently unstable, and is often isolated. tional elements within the Coast Guard and elsewhere; 3) develop
a WWW-based information system on maritime occupational and

Assessment and remedy of occupational maritime health and saéstyironmental health and safety.

issues are problematic. The commercial maritime arena is com-

prised of a diverse set of industries and communities ranging fr@ime presentation will provide background information, describe

owners/operators of international bulk freight vessels to off-shafee purpose and activities of the MPM initiative, outline where the

oil platforms to three member shrimp boats. The historic develgpogram seeks to proceed, and discuss potential opportunities.

ment of maritime commerce, law, and ship-crew relationships are
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Although the abstracts in this publication were proofread to eliminate obvious errors in spelling, punctua
tion and grammar, they were neither edited nor officially cleared by the National Institute for Occupational
Safety and Health (NIOSH). Therefore, NIOSH is not responsible for the content, internal consistency, of
editorial quality of the abstracts. That responsibility lies solely with the individual authors. Any use of trade
names throughout this publication does not imply endorsement by NIOSH, the Centers for Disease Contraj,
the Public Health Service, or the Department of Health and Human Services.
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